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PREFACE. 


The  present  work  had  its  origin  in  a  request  of  the  publishers 
that  the  author  would  prepare  a  translation  of  the  last  edition 
of  Roseledr's  well-known  Manijmlationa  ffydroplastiques  —  a 
treatise  which  has  deservedly  acquired  a  high  reputation  among 
galvanoplastic  operators  as  a  reliable  and  useful  work  of  reference. 
An  examination,  however,  revealed  the  fact  that  it  did  not,  in  a 
number  of  important  particulars,  adequately  represent  the  present 
state  of  the  art,  especially  as  developed  and  practised  in  the 
United  States. 

On  this  account,  therefore,  it  was  thought  advisable  to  prepare 
a  treatise,  which,  while  it  should  have  for  its  basis  the  admirable 
practical  instructions  of  Roseleur,  should,  in  addition,  embrace  also 
all  the  more  recent  and  important  processes,  methods,  and  formulae 
that  have  been  proposed — in  a  word,  to  re-write  the  entire  work, 
so  that  it  should  properly  represent  the  present  state  of  the  gal- 
vanoplastic art. 

As  to  how  far  this  undertaking  has  been  successful,  the  present 

^    volume  must  speak  for  itself.     It  has  been  prepared  in  the  'brief 

^jt  intervals  of  leisure  snatched  from  other  and  absorbing  professional 

^  occupations,  and  the  writer  is  fully  conscious  of  the  fact  that  in 

^  many  respects  it  could  have  been  made  more  complete.     He  desires 

to  express  his  indebtedness  to  the  Meriden  Britannia  Company  of 

Meriden,  Conn.,  the  William  Rogers  Manufacturing  Company  of 

^  '^  Hartford,  Conn.,  Messrs.  Ledig  &  Herrlein  of  Philadelphia,  and 
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others,  for  courtesies  extended  to  him  in  making  personal  examina- 
tion of  their  processes  and  methods  ;  and  to  the  last  named  espe- 
cially for  opportunities  afforded,  and  assistance  rendered,  in  experi- 
mental work.  He  is  also  indebted  to  Prof.  Edwin  J.  Houston,  of 
Philadelphia,  for  the  revision  of  the  proof-sheets  of  the  chapter  on 
Dynamo-Electric  Machines. 

To  facilitate  reference  and  investigation,  a  copious  list  of  patents 
— American  and  British — relating  to  the  subject  of  electro-metal- 
lurgy has  been  carefully  compiled  and  is  given  in  the  Appendix. 
The  very  full  index  will  also  be  appreciated  by  those  who  may 
have  occasion  to  consult  it. 

W.  H.  W. 

Philadelphia,  Nov.  5,  1883. 
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GALVANOPLASTIC  MANIPULATIONS. 


HISTORICAL  FACTS 

RELATING  TO  ELECTRO-METALLURGY. 

The  value  of  the  galvanic  current  as  an  agent  for 
effecting  the  dissociation  of  chemical  compounds  was 
established  by  Sir  Humphry  Davy  as  long  ago  as  the 
year  1808,  when  with  its  aid  he  succeeded  in  proving 
that  soda,  potash,  lime,  etc.,  were  metallic  oxides,  and 
not  elementary  substances,  as  had  previously  been  the 
universal  belief. 

It  was  not,  however,  until  many  years  after  this  that 
the  decomposing  power  of  the  battery  was  applied  to 
useful  purposes  in  the  arts.  It  was,  however,  soon  ob- 
served that  metals  deposited  by  its  agency,  from  their 
solutions,  assumed  various  fantastical  forms,  which  so 
closely  resembled  the  growths  of  vegetation  that  they  were 
not  inaptly  styled  galvanic  trees.  But  these  observations 
might  still  have  remained  of  no  utility  save  to  awaken 
the  interest  of  students  of  chemistry  by  their  beauty  as 
philosophical  experiments,  had  it  not  been  for  an  accidental 
discovery  by  Professors  Wagner  and  Jacobi  in  the  year 
1830,  that  the  metallic  deposits  thus  obtained  might  be 
used  for  plating  and  for  copying. 

The  history  of  this  interesting  discovery  is  briefly  as 
follows : — 
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These  mvestigators  were  endeavoring  to  solve  the 
enticing  problem  of  utilizing  electro-magnetism  as  a  mo- 
tive power  in  place  of  steam.  Jacoln  employed  in  these 
investigations  tile  Daniell  battery,  which  will  be  presently 
(leseribed,  and  which  is  distinguished  for  its  constant 
and  regular  action.  When  this  battery  is  w^orking,  the 
sulphate  of  copper  solution  employed  is  slowly  decom- 
posed, depositing  metallic  copper,  which,  after  a  cer- 
tain quantity  of  it  has  accumulated,  interferes  with  the 
action  of  the  battery  and  must  be  removed*  Once  when 
Jacobi  was  busied  in  removing  such  a  deposit  from  his 
battery,  he  noticed  that  there  were  several  layers  of  copper, 
each  having  the  form  of  the  sides  of  his  vessel.  The  fact 
that  the  disposition  of  these  layers  imitated,  in  a  remarkably 
perfect  manner,  the  sliape  of  the  surfixces  of  the  vessel  to 
which  they  adhered,  suggested  to  Jacobi  the  idea  that  this 
troublesome  phenomenon  might  be  turned  to  profit  by 
employing  it  for  reproducing  effects  in  metab  Meantime, 
several  important  ol>ser^'ations  l>earing  upon  the  same 
subject  were  made  by  other  investigators. 

Mr.  De  la  Kue,  for  example  (in  1836),  noticed,*  that 
the  deposit  of  copjier  precipitated  upon  the  copper  plate 
of  a  peculiar  form  of  DaniclFs  battery  that  he  had  devised, 
'*was  covered  with  a  coating  of  metallic  cop^x^r  which  is 
continually  being  deposited,  and  so  perfect  is  the  sheet  of 
copper  thus  formed  that,  on  being  stripped  off,  it  has  the 
polish  and  even  a  counterpart  of  every  Sf:^ratch  of  the 
plate  on  which  it  is  deposited/'  The  following  year  Dr. 
Golding  Bird  succeeded  in  decomposing,  with  the  bat- 
tery, solutions  of  the  chlorides  of  sodium,  potassium,  and 
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*  Mr*  W.  Be  la  Rue,  **  Op  Vulfaic  Electritiiry,  und  or*  the  El!«ctt* 
of  a  Battery  cbarged  with  Stil[jhate  of  Copjjcn"  Lond.  and  Ediiib. 
Philos.  Mag*,  ix*  (18:56),  p.  4S4  et  seq. 
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ammonium,  and  deposited  these  metals  on  a  negative  pole 
of  mercury.* 

These  observations,  however,  were  followed  by  no 
practical  results;  and  it  remained  for  Prof.  Jacobi,  to 
whom  the  idea  of  utilizing  his  observations  first  occurred, 
to  give  them  practical  form.  This  noteworthy  event  took 
place  in  1838,  when  he  communicated  to  the  Academy  of 
Sciences  of  St.  Petersburg,  a  description  of  his  discovery 
of  the  utility  of  galvanic  electricity  as  a  means  of  repro- 
dticing  objects  in  metals.  This  galvanoplastic  process 
was  claimed  to  be  a  method  of  converting  any  line,  how- 
ever fine,  engraved  on  copper,  into  a  relief  by  galvanic 
process,  applicable  to  copper-plate  engravings,  medals, 
stereotype  plates,  ornaments,  and  to  making  calico-printing 
blocks,  and  patterns  for  paper  hangings.  The  merit  of 
having  been  the  first  to  apply  the  electro-deposition  of 
metals  to  useful  purposes,  and  of  having  originated  the 
galvanoplastic  art,  appears,  therefore,  to  be  due  unques- 
tionably to  Jacobi.  His  discovery  attracted  at  the  time 
such  attention  that  the  Emperor  Nicholas,  after  satisfying 
himself  of  its  great  value,  gave  its  author  the  means  of 
making  the  new  art  the  common  property  of  the  world. 

In  the  year  1839,  Mr.  C.  J.  Jordan  described  {Mechan- 
ic*s  Magazine^  June  8,  1839)  a  series  of  experiments  for 
the  purpose  of  obtaining  by  galvanic  means  casts  in  coj>- 
per  from  various  metals ;  in  which  reference  is  made  to 
Jacobi's  earlier  work  in  this  field. 

Mr.  T.  Si)encer  read  a  paper  before  the  Liverpool  Poly- 
technic Society  on  the  "  Electrotype  Prpcess,"  in  the  same 
year  in  which,  among  other  things,  he  describes  a  method 

*  Golding  Bird,  F.L.S.,  F.G.S.,  etc.,  **  Observations  on  the  Elec- 
tro-Chemical  Influence  of  Long-continued  Electric  Currents  of  Low 
Tension."     Philos.  Transactions,  1837,  p.  37. 
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of  depositing  '*a  metallic  surfece  on  a  model  of  cjay,^ 
wood^  or  other  uon^metallic  body/'  by  coating  the  siirface9f 
of  these  models  with  a  thin  coating  of  mastic  varnisli, 
rendered  conductive  by  means  of  bronze  powder,  and  by 
means  of  whicli  he  was  enabled  to  deposit  a  surface  of 
copper  on  the  prepared  surface  of  the  moidd  by  the 
voltaic  method.  f 

About  the  year  1840,  Prof  Boettger  succeeded  in  pro- 
ducing handsome  relief  plates  of  copi)er  ^ith  the  aid  of 
the  battery,  and  employed  this  apparatus  also  for  gilding  ^ 
silver,  copper,  and  brass.  About  the  same  time,  Mr.  V 
John  Wright,  of  Birmingham  (Gore,  Elect ro^meianurgy^ 
1877,  p.- 19),  was  engaged  in  experiments  with  the  viewB 
of  obtaining,  with  gold  and  silver,  similar  results  to  those 
already  obtained  by  Jacobi,  Spencer,  and  Jordan  with 
copper,  viz.,  thick  deposits  of  firm,  cohert^nt  metal,  bright, 
and  of  good  color.  I^ed  thereto  by  a  suggestion  of  Scheele's, 
respecting  the  solubilih*  of  the  cyanides  of  copper,  silver, 
and  gold,  this  experimenter  made  the  important  observa- 
tion that  a  solution  of  the  cyanides  of  gold  and  silver  in 
the  alkaline  cyanides  was  capable  of  yielding  a  solid, 
coherent  deposit  of  these  metals  by  electrolytic  action. 
Shortly  after  this  (1841)  Prof  Boettger  succeeded  in, 
making  a  c»py  of  one  of  Felsing*s  cnpix*r-plates(the  Eiu^ei 
Homo  of  Guido  Reni,  12^x  9|  inches)  wliicli  proved  to' 
be  st>  |K*rfect  that  the  engraver  admitted  that  proofs  printed 
with  it  were  not  to  be  distinguished  from  those  taken  from 
the  original. 

Meantime,  in  1840,  M.  de  Roulz,  a  French  electro- 
depositor  (Gore,  Electro-meiaUnrgy.  21  et  BeqJ^  had  taken 
out  a  patent  in  France  for  eleotrogikling  and  silver- 
ing by  means  of  solutions  of  the  double  cyanides  and 
ferro*cyanides.  His  patent  also  includeil  the  use  of  simi- 
lar solutions  for  the  electro-deposition  of  platinum,  copjier, 
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lead,  tin,  cobalt,  nickel,  and  zinc  {Encyclopcedie^  E-oret, 
Galvanoplastie,  tome  ii.  p.  114).  From  this  time  for- 
ward the  galvanoplastie  art  made  rapid  progress.  Ameri- 
can experimentalists  appear  to  have  been  among  the  ear- 
liest in  the  field  in  applying  the  new  art  to  letter-press 
printing,  a  branch  of  the  art  to  which  the  name  of  elec- 
trotj'ping  is  generally  given.  In  1842,  Daniel  Davis,  of 
Boston,  made  and  nsed  electrotype  plates  of  the  engra- 
vings and  letter-press  of  his  Manual  of  Magnetism. 
In  the  previous  year,  Mr.  Joseph  A.  Adams,  of  New 
York,  is  credited  with  having  reproduced  and  printed  an 
engraving  in  a  magazine  published  by  James  J.  Mapes, 
of  that  city;  and  in  1843,  he  electrotyped  the.  various 
borders  around  the  larger  engravings  in  Harper's  Illus- 
trated Bible. 

From  these  beginnings  the  galvanoplastie  art  has  devrf- 
oped  into  an  industry  of  inestimable  value  to  the  printer, 
the  publisher,  the  engraver,  the  artist,  and  the  antiqua- 
rian. Its  employment  in  reproducing  copies  of  engra- 
vings and  letter-press,  coins,  medals,  etc.  is  almost  univer- 
sal, it  is  even  successfully  employed  for  the  reproduction, 
in  copper,  of  works  of  art  of  great  size.  In  another 
direction,  also,  the  galvanoplastie  art  has  originated  a 
great  industry,  the  value  of  which,  from  the  vast  variety, 
popularity,  and  utility  of  its  products,  it  would  be  difficult 
to  over-estimate.  Reference  is  made,  in  this  connection, 
to  the  electroplating  of  artistic  and  useful  articles  of  every 
conceivable  description  with  gold,  silver,  copper,  bronze, 
nickel,  etc.,  to  enhance  their  beauty  and  artistic  value,  or 
to  protect  the  underlying  surfaces  from  the  action  of 
destructive  agencies.  The  developement  of  this  branch 
of  the  art  has  of  late  been  simply  enormous,  and  it  has 
placed  within  the  reach  of  all  classes  objects  of  utility 
and  beauty  of  the  most  artistic  designs,  which  rival  in 
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tastefulness  and  serviceability  the  most  precious  works  of 
art  in  gold  and  silver,  which  are  of  necessity  the  exclu- 
sive pro]>erty  of  the  rich.  iThe  recent  great  improvements 
in  dynamo-electric  machines,  which  have  been  so  far  per- 
fected as  to  have  almost  completely  replaced  the  trouble- 
some and  expensive  chemical  battery  for  the  electro-depo- 
sition of  metals,'  have  given  an  immense  impulse  to  the 
art,  and  bid  fair  to  work  an  important  revolution  in  the 
metallurgical  arts. 


PART  I. 

THIN  METALLIC  DEPOSITS. 


CHAPTER  I. 

OBJECT  OF  THE  HYDROPLASTIC  ART. 

The  art  of  depositing  metals  by  the  wet  way  comprises 
two  orders  of  phenomena,  which,  though  apparently  iden- 
tical in  their  results,  are  nevertheless  essentially  different 
in  respect  to  the  causes  of  their  production.  The  one, 
as,  for  example,  gilding  by  simple  immersion  in  a  liquid 
or  bath  prepared  for  the  purpose,  is  directly  the  result  of 
the  action  of  chemical  affinities ;  the  other,  on  the  con- 
trary, as,  for  instance,  electro-gilding,  cannot  take  place 
without  the  simultaneous  concurrence  of  chemical  re- 
actions^ and  of  that  form  of  energy  called  dynamic  elec- 
tricity, which,  though  only  recently  discovered,  has  become 
of  great  practical  importance.* 

*  Physicists  recognize  two  modifications  of  electricity.  They  call 
static  electricity  that  which,  when  accumulated  on  an  insulated  con- 
ductor, as,  for  example,  in  the  prime  conductor  of  an  electrical  machine, 
or  in  the  Leyden  jar,  manifests  its  presence,  in  the  form  of  sparks,  on 
the  approach  of  another  conducting  body. ' 

Tliey  call,  on  the  other  hand.' dynamic  electricity,  or  current  electric- 
ity, that  modification  which  manifests  its  effects  with  or  without  the 
disengagement  of  light,  as,  for  example,  when  contact  is  established 
between  the  two  electrodes  of  a  galvanic  battery,  or  when  a  conductor 
of  any  description  is  interposed  between  the  extremities  of  these 
reopjiores.  '  This  subject  will  be  more  fully  discussed  in  the  chapter 
on  Batteries. 
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Tlip  frequent  use  in  the  same  workshop  of  Tnet|illo* 
plastic  metliods,  lx>th  witli  and  without  the  aid  of  eh^c- 
tricity,  renders  it  necessary  that  we  should  not  separate 
these  two  orders  of  factsl;  in  support  of  whieh  opinion 
we  have  the  additional  reasons  that  tlie  manipulations 
and  rhemieal  preparations  are  very  nearly  identical  in 
both  rases,  and  the  rc^sults  obtained  are  sensibly  the  same. 

In  the  operations  of  deposition  by  simple  immersion, 
where  the  dissolved  metals  are  reduced  to  their  metallic 
state  by  the  sole  agency  of  chemical  affinities,  the  results 
obtained  are,  in  most  cases,  very  simdar,  the  metallic 
deposits  thus  obtained  being  generally  cliaracterized  by 
their  extreme  thinnes^s. 

On  the  other  baud,  we  may  by  electro-deposition  attain 
two  different  objects, 

It  may  be  desired,  for  instance,  to  coat  a  common  metal 
with  a  layer  of  another  metal  which  is  more  precious, 
more  resisting,  less  oxidizablc.  or  which  has  a  more  pleas- 
ing appearance ;  but  tliis  layer,  generally,  borrows  its 
strength  from  tlie  luiderlying  metal,  as  is  the  case  in 
gilding  or  sdvering  copper,  or  in  coating  zinc  with  eop]x^r, 
etc. 

Or,  we  may  design  to  reproduce  a  given  article  with 
scrupulous  exactness,  by  means  of  a  metallic  deposit, 
which,  after  its  separation  from  the  mould,  shall  have  suf- 
ficient firnuiess  to  constitute  a  liuxsimile  of  the  original ; 
of  this  nature  are  the  galvanoplastic  reproductions  of 
basso-relievos,  medals,  etc.  Or,  we  may  wish  to  impart  a 
metallic  hardness  to  a  material  without  firmness,  and 
retain  at  the  same  time  as  nearly  as  possible  its  original 
shapes  and  dimensions,  its  when  we  deposit  metallic  coat- 
inij-s  upon  small  stiitues,  flowers,  fruits,  insects,  etc. 

We  shall  examine  first  the  thin  electro-deposits,  and 
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principally  those  of  gold  and  silver,  as  their  applications 
present  great  variety,  and  are  of  general  interest. 

The  following  definitions  may  be  found  useful  to  stu- 
dents of  this  subject : — 

Electrchchemistry   is   that   branch    of   the    science   of-  ' 
chemistry  which  treats  of  the  agency  of  electricity  in  pro- 
ducing chemical  changes.     The  branch  of  electro-chemis- 
try with  which  we  are  here  specially  interested  is, 

Electrchmetallury^  which  deals  with  the  deposition  of 
metals  from  their  compounds  held  in  solution,  by  the 
agency  of  galvanic  (or  current)  'electricity.  According 
to  the  object  sought  to  be  attained,  the  following  subdivi- 
sions are  recognized : — 

Electro-metallurgy  proper,  which  relates  to  the  extrac- 
tion of  metals,  on  the  commercial  scale,  from  solutions  of 
their  ores  or  other  compounds,  by  means  of  the  galvanic 
current,  the  resulting  product  being  placed  in  merchant- 
able form  (ingots,  bars,  sheets,  wire,  etc.  etc.). 

EIec(ro(ypi7igy^y*y/iiic)i  term  is  understood  the  repro- 
duction and  duplication  of  useful  and  artistic  objects 
(medallions,  coins,  statues,  and  other  works  of  art),  and 
the  reproduction  and  duplication  of  printing  surfaces 
(engravings,  letter-press)  Jn  copper,  by  means  of  the  gal- 
vanic current.  The  resulting  electro-deposited  metal  is 
usually  removed  from  the  surface  on  which  it  has  been 
deposited. 

Electro-plating^  which  is  confined  to  the  coating  of  any 
metallic  or  other  conducting  surface,  by  means  of  the  gal- 
vanic current,  with  an  adhering  deposit  of  another  metal, 
either  for  the  purpose  of  enhancing  the  beauty  and  value 
of  the  object  thus  treated,  or  to  protect  the  underlying 
surfaces  from  the  action  of  corrosive  agents,  or  for  both 
of  these  purposes. 
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CHAPTER  II. 

CLEANSING. 

CLEANSING    COPPER  AND  ITS  ALLOYS— CLEANSING  BY  FIRE  OR 

BY  ALKALIES — DIPPING DIPPING   IN   OLD  AQUA   FORTIS 

DIPPING  IN  AQUA  FORTIS  AND  SOOT — AQUA  FORTIS  FOR 
BRIGHT  DIPPING BRIGHT  DIPPING  IN  MIXED  ACIDS — ^WHIT- 
ENING BATH — MIXED  ACIDS  FOR  A  DEAD  LUSTRE — DIPPING 
IN  NITRATE  OF  MERCURY. 

Before  undertaking  to  lay  a  thin  electro-deposit  of  one 

\j  metal  upon  another,  it  is  absolutely  necessary  that  the 

latter  should  be  chemically  clean,! as  the  presence  of  the 

slightest  impurity  is  sufficient  to  prevent  the  adherence  of 

the  two  metals. 

The  operation  or  series  of  operations  by  which  this 
result  is  reached  is  called  cleansing. 

The  mode  of  cleansing  varies  with  the  metals  operated 
upon ;  the  cleansing  of  copper  and  its  alloys  presents  the 
greatest  difficulties,  and  requires  to  be  done  with  the 
greatest  care  and  thoroughness.  The  cleansing  of  other 
metals,  such  as  silver,  iron,  lead,  tin,  etc.,  is  more  a  me- 
chanical than  a  chemical  operation. 

We  shall  examine  successively  the  preparation  which 
metals  and  their  alloys  should  receive  before  they  are 
ready  for  a  metallic  deposit,  following  substantially  the 
mode  of  procedure  recommended  by  Roseleur. 


CLEANSING.  27 

Gleaufdng  Copper  and  its  Alloys. 

The  mode  of  cleansing  copper,  brass,  bronze,  mail- 
lechort,  oreide,  similor,  French  gold,  Mannheim  gold, 
British  metal,  German  silver,  and,  generally  speaking, 
all  alloys  in  which  the  proportion  of  copper  predomi- 
nates, is  the  same.     It  comprises  six  operations: — 

1.  Cleansing  hy  fire  or  by  alkalies. 

2.  Dipping. 

3.  Dipping  in  old  aqua  fortis. 

4.  Dipping  in  fresh  aqiia  fortis. 

5.  Dipping  in  mixed  acids  for  a  hrigJit  or  dead  histre. 

6.  Dipping  in  nitrate  of  mercury.* 

Cleansing  by  Fire  or  by  AUcalies. 

The.  articles  for  electroplating  are  generally  soiled  by 
adhering  greasy  matters,  derived  during  the  operations  of 
manufacture,  such  as  rolling,  spinning,  soldering,  polish- 
ing virith*  oil,  etc.,  or  simply  from  contact  with  the  hands. 
The  foreign  substances,  and  especially  those  of  organic 
nature,  are  destroyed  by  heating  the  pieces  on  all  sides 
over  a  gentle  fire  of  charcoal.  A  muffle  furnace,  heated 
up  to  a  dull  red  heat,  is  to  be  preferred;  but  small  articles 
may  be  cleansed  in  a  heated  revolving  cylinder. 

This  operation  is  not  adapted  to  very  delicate  articles, 
such  as  filigree  and  spangled  work,  neither  to  table-forks 
and  spoons,  which  must  retain  their  sonorousness  and 
toughness,  nor  to  those  pieces  the  different  parts  of  which 
are  united  by  solders  which  are  fusible  below  the  tem- 
perature to  which  they  would  be  subjected  in  reheating. 
In  such  cases,  the  articles  are  submitted  to  a  more  or  less 

*  Of  these  six  operations,  four  only  are  indispensable;  the  third 
and  sixth  may  be  dispensed  with  in  many  cases,  which  we  shall 
examine  further  on. 
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prolonged  boiling  in  alkaline  solutions,  cithnr  of  potassa 
or  soda,  which  saponify  the  fatty  siibstances  an<l  thus 
render  tlicni  solnble  in  water. 

The  operation  is  performed  in  a  cast-iron  kettle,  in 
whieh  a  more  or  less  concentrated  solution  of  carhonato 
of  potassium  or  sodinm*  or  of  American  potash,  is  main- 
tained at  the  boiling-point,  nsually  with  tlie  use  bf  a  coil 
of  pipe  through  whiclt  steam  is  passed,  Roscleur  gives 
the  preference  to  caustic  potassa  dissolved  in  ten  times  its 
weight  of  ordinary  water.  This  solution  lasts  quite  a  long 
time,  and,  when,  it  has  lost  part  of  its  power,  it  may  be  re- 
vived by  tlie  adilition  of  a  few  fragments  of  caustic  potassa. 
At  the  boiling-point  this  solution  will  cleanse  copper  com- 
pletely in  a  few  seconds.  If  the  articles  to  be  cleansed 
are  joined  wdth  tin  solder,  they  must  not  be  allowed  to 
remnin  too  long"  in  the  caustic  liquor,  which  may  dissolve 
the  solder  and  strongly  blacken  the  copper.  The  lye 
kettle  should  be  pro\  idetl  witli  a  lid,  or  cover,  to  retard 
the  otherwdse  rapid  absorption,  by  the  caustic  liquor,  of 
carbonic  acid  from  the  air,  or  of  the  acid  vapors  of  the 
workshop,  whicli  wotdd  diminish  its  alkaUnity,  and  con- 
sequently its  cleansing  qualities. 

Dipping, 

The  articles  are  then  dipped  in  a  mixture  of  from  five 
to  twenty  parts  (by  weiglit)  of  sulphuric  acid  of  (MV^ 
Baume  to  one  hundred  parts  of  water. 

Copper  articles  may  remain  any  length  of  time  in  the 
dipping  bath  without  suffering  any  injury ;  but  it  is 
alisolntely  necessary  that  they  should  not  be  removed 
until  the  black  coating  of  oxide  of  copper  (cupric 
oxide),  caused  by  the  heating  operation  above  described, 
is  entirely  dissolved.  The  remaining  coat  of  red  oxide 
of  copper  (cuprous  oxide)  is  unacted  upon  by  the  sul- 
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phuric  acid.  '  It  should  be  remarked  that  articles  having 
parts  made  of  iron  or  zinc,  should  not  be  submitted  to  the 
action  of  sulphuric  acid,  as  such  parts  will  be  entirely 
dissolved;  therefore,  the  use  of  all  implements,  wires,  or 
hooks  of  iron,  zinc,  or  steel  must  be  avoided.  A  dipping 
bath  which,  from  previous  operations,  contains  copper  in 
solution,  will  not  suit  for  such  articles  as  contain  iron,  tin, 
tin  solder,  antimony,  bismuth,  or  lead.  In  these  cases,  a 
newly  made  dipping  bath  with  a  small  proportion  of  acid 
must  be  used. 

The  articles  cleansed  by  alkalies  must  be  washed 
before  being  plunged  into  the  dipping  bath,  or  pickle,  as 
it  is  sometimes  called;  and  we  cannot  insist  too  much  on 
the  necessity  of  thoroughly  and  rapidly  rinsing  in  fresh* 
water  all  the  articles,  both  before  and  after  each  of  the 
operations  that  are  to  follow. 

The  various  manipulations  which  we  shall  presently 
indicate,  and  which  complete  the  cleansing,  should  suc- 
ceed each  other  without  interruption ;  and  the  articles 
should  be  actively  moved  about  in  the  acid  bath  (pickle) 
and  also  in  the  rinsing  water. 

In  order  to  prove  the  importance  of  these  operations, 
we  do  not  hesitate  to  state,  that,  even  with  very  inferior 
electroplating  solutions,  good  results  may  be  arrived  at  if 
the  cleansing  is  perfect,  while  the  converse  is  not  true. 

After  dipping  and  rinsing,  the  various  pieces  are 
attached  to  a  brass  wire,  or  simply  hooked  upon  copper 
hooks  represented  by  Figs.  1  and  2.  Small  articles  of 
jewelry  are  simply  suspended  to  a  stout  copper  wire,  as 
seen  in  Figs.  3  and  4. 

For  the  construction  of  these  hooks  copper  is  to  be 
preferred  to  brass,  and  for  careful  workers,  we  recom- 
mend the  use  of  hooks  of  glass,  which  are  not  expensive 
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and  not  liable  to  be  acted  on  by  the  acids.     Any  one  can 
make  such  hooks  or  supports,  by  bending  glass  rods,  by 


n 


Fig.  1. 


Fig.  2. 


r 


the  heat  of  a  charcoal  fire,  or  6f  a  gas-burner,  into  the 
shape  shown  in  Fig.  5,  which  is  handy  for  the  manipula- 
tions required  in  the  cleansing  vessels. 


Fig.  3. 


Ficr.  4. 


Ficr.  !>, 


(f 


^^ 


Those  objects  which  cannot  be  suspended  or  attached 
to  hooks,  are  placed  in  baskets  or  perforated  ladles  of 
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stoneware  or  porcelain  (Figs.  6,  7,  and  8),  or  what  is 
less  economical,  but  sometimes  absolutely  necessary,  into 


Fig.  6. 


Fig.  7. 


baskets  of  brass  wire  cloth  (Fig.  9),  having  the  mesh  fine 
or  coarse,  according  to  circumstances. 


Fig.  8. 


Fig.  9. 


Those  who  have  frequently  to  cleanse  very  small 
articles,  will  find  it  advantageous  to  employ  a  basket  of 
platinum  wire  cloth,  which,  although  expensive  in  first 
cost,  will  be  found  cheaper  in  the  end,  on  account  of  its 
indifference  to  the  action  of  the  chemical  substances  used 
in  the  cleansing  operations. 

Dipping  in  Old  Aqua  Fords. 

The  material  employed  for  this  purpose  is  the  spent 
aqua  foriis  (nitric  acid),  already  weakened  by  previous 
dippings,  and  of  which  there  is  always  a  supply  on  hand. 
After  tliorough  rinsing  in  water,  the  articles  that  have 
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passed  through  the  sulphuric  aciil  bath  just  described 
are  next  immersed  in  a  bath  of  this  kind.  They  should 
be  allowed  to  remain  in  this  initil  tlie  red  coating  of  sub- 
oxide of  copper  has  entirely  disappeared,  leaving,  alter 
rinsing,  a  uniform  nietalUc  lustre. 

The  dipping  in  old  aqua  fortis  is  not  absolutely  neces- 
sary, although  we  recommend  it  for  two  reasons,  the  last 
being  the  more  important:  First,  it  is  economical  in 
saving  the  cost  of  fresh  acids ;  second,  as  its  action  is 
slow,  it  prevents  the  too  rapid  corrosion  of  those  portions 
of  the  copper  already  cleansed,  during  the  time  that  the 
solution  of  the  oxide,  which  still  adheres  to  certain  parts 
of  the  surface,  is  being  efrected.  If  some  operators 
frequently  complain  of  the  burned  or  pitted  ajipeuranee 
of  their  pieces,  it  is  due  to  the  neglect  of  this  operation, 
and  direct  dipping  in  strong  aqua  fortis. 

We  shall  indicate  further  on  the  processes  for  utihzing 
and  extracting  all  tliat  can  be  sa^ed  from  old  aqua  fortis 
and  other  dipping  baths. 

Dipping  in  Strong  Aqua  Foriw,. 

After  a  prelinnnary  rinsing  in  fresh  water,  the  absolute 
necessity  of  wliieli  has  already  been  pointed  out,  the 
articles,  well  shaken  and  dmined,  are  plunged  into  a  bath 
composed  of^— 

Nitric  wcid  of  3G^  Bauni^  (straw-colored 

Mfjun  IbrliH) int>  jinrt^  (by  voliinK^). 

Sodium  cliJorule  (comniun  snlt)     .          .  1  |»url  '* 

Calcined  soot I     **  *' 

This  mixture  attacks  the  metal  w  ith  the  greatest  energy, 
and  the  pieces  should  therefore  not  remain  in  it  more 
than  a  few  seconds.  The  volnme  of  acid  should  be  from 
twenty  to  thirty  tinies  as  great  as  that  of  the  articles  to  be 
cleansed,  lor  the  chemical  action  being  energetic  a  small 
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volume  of  the  liquor  would  become  heated,  and  the  acid 
would  be  rapidly  weakened  or  "  spent." 

After  this  bath,  and  rapid  rinsing  before  the  acid  has 
time  to  give  off  reddish  nitrous  vapor,  the  pieces  present 
a  fine  red  color,  sometimes  gold-yellow  or  greenish-yellow, 
according  to  the  alloy  employed,  and  one  might  be  led  to 
suppose  that  they  had  been  entirely  depriv^ed  of  foreign 
matter.  It  is  not  so,  however ;  for,  if  the  pieces  in  this 
state  are  plunged  into  a  gilding  or  silvering  bath^  they 
become  entirely  black  and  without  any  metallic  lustre. 

If,  on  the  other  hand,  we  put  aside  without  rinsing, 
the  pieces  removed  from  the  dipping  bath,  there  is  pro- 
duced on  their  surfaces  a  greenish  froth,  with  the  evolution 
of  abundant  nitrous  vapors,  which  indicate  the  complete 
decomposition  of  the  acid  which  remains  upon  them. 
When  the  vapors  have  disappeared,  the  pieces,  even  after 
washing,  remain  black  and  tarnished,  on  account  of  the 
formation  of  a  basic  copper  salt,  which  is  not  soluble  in 
water. 

Tliis  last  mode  of  operating,  called! blacking  by  aqua 
fortiN.  is  prefen-ed  by  a  few  gilders,  varnislu^rs,  and  color 
fixers,  who  find  it  economical  to  allow  the  production  of 
nitrous  vapors  while  the  pieces  are  draining  on  top  of  the 
vessel  which  contains  the  acids. )  At  all  events,  any  sub- 
sc^qiient  operation  is  to  be  prefaced  by  rinsing  in  fresh  water. 

When  small  objects,  such  as  pins,  caps,  eyelets,  pearls, 
etc.,  are  to  be  dipped,  they  are  often  put  into  a  stoneware 
|K)t  with  a  small  quanity  of  aqua  fortis,  and  then  rapidly 
shaken  and  stirred.  In  this  case,  the  acid  is  entirely  used 
up  with  the  production  of  abundant  vapors,  and  the 
objects  remain  blackened  and  ready  for  further  cleansing. 

The  soot  in  the  above  bath  acts  as  a  reducing  iigent. 
The  carbon  and   hydrogen  which  it  contains  deoxidize 
a  small  proportion  of  the  nitric  arid,  transforming  it  into 
3 
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nitrous  acid,  which,  uniting  with  the  chlorine  of  the  sodium^ 
cliloridc  present,  forms  a  small  quantity  of  ncpia  regia^ 
which  is  necessarj'  in  the  operation  above  described.  ^M 

The  operator  is  required  to  lie  careful  in  the  choice  of^ 
his  aqua  fortis.     Three  kinds  of  nitric  acid  of  3(i^  arc  to , 
be  found  in  the  market : — 

One  is  perfectly  colorless. 

The  other  is  colored  straw-yellow. 

The  hist  is  of  a  more  or  less  dark-red  color. 

The  colorless  acid    does   not  cleanse  well,  especially] 
when  freshly  used. 

The  red  acid,  which  often  contains  chlorine,  bromine,] 
or  iodine,  acts  too  powerfully  and  pits  the  copi>er.* 

The  straw-yellow  acid,  on  the  contrary,  is  to  be  preferred^ 
to  the  others.  Nitric  acid  of  40*^  is  too  energetic  and  , 
costly;  certain  operators  however,  who  have  to  cleanse™ 
large  quantities  of  copper-ware  daih%  prefer  it  on  account" 
of  the  rapidity  of  its  action. 

Aqua  fortis  is  spent  wlien  its  action  on  the  articles  of  i 
copper  liecomes  too  slow,  and  when  the  objects  removedH 
from  the  bath  are  covered  with  a  kind  of  hluish-white 
film.  Such  arid  is  then  preserved  for  the  preceding  op- 
enrtion,  that  is  to  say,  dipping  in  old  nqua  fortis;  or  for 
dip])ing  in  the  whitening  bath,  wliich  will  be  described 
at  tlie  proper  time.f 


*  Ctfrtain  «^iMrr«i  Itave  tiiken  ji(iv{iTitji«r<^  of  tliii*  ftro[5orty  of  brotiii< 
iintl  iodic  neUh  %o  pit  copper  8iirrnrt^s,  to  proiluc*^  wluU  tlit^y  cull  ***«a< 
anoints,*'  wljicli  hns  a  fine  effect  on  smooth  surfaces. 

t  Very  good  aqua  fortis  may  cleanse  imporfe^itly  when  tin?  tem- 
perature i»  loo  low  or  loo  liigli.  This  accounts  for  the  dilficoliy  in 
cleansing  in  frosty  Ma^atlier,  or  during  the  great  ht^at  of  summer. 
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Aqua  Fortis  for  Bright  Dipping. 

Before  quitting  this  subject,  we  may  indicate  an  ex- 
cellent method  of  restoring  the  brilliant  lustre  of  metallic 
surfaces  that  have  been  dulled  by  bad  dipping,  or  slightly 
pitted  or  otherwise  injured  by  the  acids  used  for|"  strip-  ^^ 
ping"  or  removing  the  gold  or  silver  from  plated  articles.! 
For  this  purpose  it  is  sufficient  to  allow  them  to  remain' 
for  a  few  minutes  in  a  bath  composed  of — 

Old  aqua  fortis,  nearly  spent    ....     1  volume. 

Hydrochloric  acid 6  volumes. 

Water 2        " 

The  pieces,  when  removed  from  it,  are  entirely  black, 
and  must  be  thoroughly  rinsed  in  clear  water  to  remove 
the  black  slime  which  covers  them.  They  are  then 
cleansed  and  dipped  anew. 

This  bath  is  in  constant  use  by  varnishers  on  metals, 
and  though  scarcely  known  to  electro^ildersj  will  certainly 
be  found  useful  by  them.  It  will  be  found  to  answer 
admirably  for  removing  the  moulding  sand  adhering  to 
castings  of  copper  and  its  alloys.  With  pieces  of  con- 
siderable size,  however,  it  will  be  necessary  to  prolong  the 
immersion  for  20  or  30  minutes  and  sometimes  much 
longer,  as  this  mixture  acts  very  slowly  on  copper  and  its 
alloys. 

Acid  Miochire  for  ^^Briglit^^  Dipping. 

These  acids,  which  were  rightly  considered  as  indispcn- 
sables  by  the  first  gilders  by  simple  immersion,  are  of  two 
kinds  according  to  the  object  in  view. 

If  the  pieces  must  have  a  bright  lustre,  they  are  stirred 
for  one  or  two  seconds  in  a  liquid  (prepared  the  day  pre- 
vious, and  cold)  composed  of — 
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Nitric  acid  of  30^  (yellow  aqua  fortis)      .       100  volumes. 
Sulphuric  acid  of  60^  (oil  of  vitriol)  .       100  »' 

Common  suU  (chloride  of  sodium)     .  .  1    volume. 


On 


the  articles  from  the  bath  thev  should  be 


articles  ironi 
thoroughly  sn^lled  in  an  abnndance  ol  water.  '     -]< 

In  th(^  preparation  of  tins  dipping  liquid,  the  aeidg 
should  be  added  in  the  Ibllowing  order :  First,  the  nitric 
acid  should  be  poured  into  the  containing  vessel,  and  then 
the  sulphuric  acid*  as  otlierwii^e  the  hatter,  by  reason  of 
its  superior  density,  woidd  remain  at  the  bottom  of  the 
vesi;tel  without  mingliug  with  the  former. 

While  the  acids  are  being  mixed,  and  especiaUy  when 
the  common  salt  is  added,  considerable  heat  is  developed^H 
acconn>anied  by  tlie  disengagement  of  an  abnndiince  of 
acid  liuncs,  which  are  dangerous  to  inhale.  For  these 
reasons  it  is  prudent  to  conduct  this  operation  in  the  openf 
air,  or  under  a  good  chimney-hood  provided  with  a  mov- 
alde  glass  sash.  As  this  mixture  must  be  used  cold,  it 
will  therefore  be  n(*cessary  to  prepare  it  some  time  ia^ 
advance. 

In  an  emergency  the  mixture  may  be  used  the  same 
day  that  it  has  l>een  prepared,  by  placing  tlie  containing 
vessel  in  ice  or  cold  water  until  the  acid  mixture  is  cooled 
oft; 

Copper  articles,  after  tliis  dipping,  are  lighter  colored 
and  much  brighter  tlirui  ail:er  the  passage  through  aqua 
fortis,  They  may  then  be  considered  as  completely 
cleansed, 

Tlie  above  acid  mixture  is  too  energetic  for  small 
aiticles.  such  as  pins,  hooks,  pearls,  etc.,  wliich  are  gene^l 
rally  cleansed  in  stoneware  colanders,  the  holes  of  which 
are  uiore  or  less  ol:>structed,  so  that  tlie  acid  liquid  shall 
not  drain  off  two  rapidly,  but  if  pernutted  to  remain  too 
long  in  contact  with  the  copper,  it  becomes  heated,  fumes. 
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and  blackens  the  articles  before  it  is  possible  to  rinse 
them.  To  obviate  this  inconvenience, '  the  above  acid 
mixture  should  be  diluted  with  one-eighth  of  its  volume 
of  water.  This  mixture  bears  the  name  of  ''  bitter  water 
for  bright  dipping.''' 

Frequently,  in  place  of  dipping  the  objects  in.  the 
"bitter  water,"  they  are  put  in  a  stoneware  pot,  covered 
with  a  small  quantity  of  the  cleansing  liquid,  briskly 
agitated,  and  the  whole  plunged  into  a  large  volume  ot 
fresh  water,  as  soon  as  the  acid  has  acted  sufficiently, 
and  threatens  to  fume.  This  method  is  not  economical, 
since  the  acid  is  lost,  but  it  has  the  advantage  that  the 
entire  mass  of  the  dipping  liquid  is  not  heated. 

Whitening  Bath, 

Varnishers  and  the  majority  of  gold  and  silver  platers, 
in  place  of  frequently  preparing  fresh  baths  of  the  above 
mixed  acids  for  bright  dipping,  use  in  place  of  it  a  mix- 
ture comi)osed  of  variable  proportions  of — 
Old  aqua  fortis, 
Sulphuric  acid, 
Common  salt, 
and  Soot, — which  is  called  the  ''  whitening  bath.     It  is 
prepared  about  as  follows : — 

Into  a  large  stoneware  vessel,  a  certain  quantity  of  old 
aqua  fortis  from  previous  dippings  ("  strong  pickle")  is 
poured,  to  which  is  added  twice  its  volume  of  sulphuric 
acid  of  66°. 

The  mixture  becomes  heated,  and  is  allowed  to  cool  off 
until  the  next  day.  The  nitrate  of  copper  contained  in  the 
old  aqua  fortis  is  converted  into  sulphate  of  copper,  which 
is  much  less  soluble,  and  which  in  cooling  crystallizes  upon 
the  sides  of  the  vessel.  The  liquid  portion  is  decanted 
into  another  vessel,  and  then  about  two  or  three  per  cent. 
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(by  volume)  of  sea  salt,  and  as  much  of  calcined  soot, 
are  added.     This  mixture  is  much  less  acti\'e  than  the 

alx)ve  described  mixed  acids  for  briglit  dipping,  and  may 
often  replace  them  advantageously.  The  crystallized  sul- 
phate of  copper  may  be  preserved  for  use  or  sold. 

This  wliiteiiing  bath  is  now  and  then  strengthened,  as 
the  operator  may  find  it  desirable,  by  the  addition  of  aqua 
fortis  or  of  oil  of  vitriol.  To  replace  the  portion  u^ed 
up  during  the  day,  equal  vohimes  of  old  aqua  Ibrtis  and 
oil  of  viti'iol  are  added  at  the  end  of  the  day.  The  next 
morning  the  liquor  is  decanted,  and  a  new  cro|>  of  sul- 
phate of  copper  crystals  is  gathered.  Soot  and  salt  in 
sufficient  proportions  are  also  added.  In  this  manner  a 
perpt^tual  and  cheap  vvliitening  kith  is  prepared. 

Some  operators  ht^at  this  bath,  and  replace  the  salt  of 
the  formula  with  hydrochloric  acid. 

Acid  Mxture  for  Dead  Dippmy. 

If,  instead  of  a  bright  appeamnce,  it  is  desired  to  impart 
to  the  objects  a  dead  lustre,  they  are,  after  dipping  in 
aqua  fortis  and  rinsing,  plunged  into  a  Imth  prepared 
the  day  previous  and  compose^d  of — 


Nitric  acid  of  30^  {yellow  nqiin.  fortis) 
Sulphuric  acid  oV  6fi^  (oil  of  vitriol)  . 
Common  salt  (cliloride  of  iiodium) 
Sulphate  of  zinc  (white  copj>i^rn«5) 


200  volumes. 
100        ** 

1  volume. 
1  to  5  volumes. 


It  will  be  noticed  that  in  this  mixture  the  proportion 
of  nitric  acid  is  double  that  of  sulpluu'ie  acid. 

The  copper  articles  may  remain  from  five  to  twenty 
minutes  in  this  cold  mixture,  and  the  dead  lustre  will  be 
the  more  decided  as  the  immersion  has  been  more  pro- 
tracted. 

When  they  come  from  this  bath,  and  after  a  prolonged 
and  thorough  swilling  in  water,  the  objects  present  an 


I 


CLEANSING.  39 

earthy  appearance  which  is  disagreeable  to  the  eye.  This 
objectionable  diilness  may  be  cleared  up  without  causing 
the  "dead"  luster  to  disappear,  by  passing  the  pieces 
rapidly  through  the  acid  mixture  for  bright  dipping  pre- 
viously described,  followed  by  an  immediate  rinsing.  If 
they  are  permitted  to  remain  too  long  in  the  bright  lustre 
liquid,  the  dead  lustre  will  disappear,  and  the  operation 
must  be  begun  anew. 

If  the  bath  for  bright  dipping  be  not  conveniently  at 
hand,  it  will  suffice  to  rapidly  pass  the  objects  again,  after 
rinsing,  through  the  bath  for  dead  dipping,  which  will 
clear  up  the  dull  appearance  caused  by  their  first  immer- 
sion in  the  same  bath. 

The  acid  mixture  for  bright  dipping  may,  after  a  long 
use,  be  employed,  to  a  certain  extent,  for  a  dead  lustre 
bath.     The  mode  of  operation  remains  the  same. 

A  few  vamishers  employ  a  hot  bath  for  dead  lustre, 
prepared  as  follows : — 

Old  aqua  fortis 4  to  5  volumeg. 

Sulphuric  acid 1  volume. 

Sulphate  of  zinc 8  to  10  per  cent. 

The  last  substance  being  gradually  added  when  needed 
for  increasing  the  deadness  of  the  lustre. 

The  lustre  thus  obtained  at  first  appears  dull,  ochreous, 
and  yellowish ;  but  after  a  thorough  rinsing,  a  passage 
through  the  same  bath  for  one  or  two  seconds,  and  a  final 
rinsing,  it  becomes  clear  enough. 

The  proportions  which  we  have  indicated  for  this  bath 
need  not  be  rigorously  adhered  to.  They  may  be  made 
to  vary  with  the  fancy  and  the  habits  of  tlic  operator, 
imd  will  depend  somewhat  on  the  degree  of  energy  of 
the  old  aqua  fortis  employed, 
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ifilfpiftfj  ill  MtrtUe  of  Mercurt/ {^^^  Quif-king^^  Sobiiion). 

In  order  to  cause  the  deposited  sih(T,  etc.  to  tulhere 
tirmly,  elcctroplaters  linve  borrowecl  from  the  fire-«:ilders 
an  ai>eration  which  will  l>e  found  of  some  importance  in 
practice. 

Tills  oix?ratinn  consists  in  pkm^ifinfj;'  tlie  cleansed  articles 
for  a  few  seconds  into  a  solution  com  posed  of — 


Nitrwte  of  niert'urf  .  .  ,  . 
Nitric  iicitl,  or  preferably  sulphunc  acid 
Water 


1  part  (by  wtMglil). 

2  parts  "^ 
1000  parts           " 


In  dissolving  the  nitrate  of  merciirt-  in  water,  a  heavy, 
yellowish-while  precipitate  ensnes,  from  tlie  formation  of 
a  basic  salt.  By  the  addition  of  tlie  acid*  the  precipitate 
disappears,  and  the  solution  lH?comcs  clear.  It  is  well  to 
8tir  the  mixture  before  ufsi ng  it. 

Certain  authors  recomnK-nd  the  nitrate  of  the  sub-oxide 
of  mercury  (mereurous  nitrate)  ;  but  experience  has  shown 
that  it  is  inferior  to  the  nitrate.* 

The  proportion  of  mercury  salt  above  indicated  will  be 
modified  with  the  size  of  the  pieces  and  the  nature  ol* 
the  alloy.  For  instance,  less  mercury  will  be  needed  for 
light  pieces  of  jewelry  wliich  need  a  very  tliin  deposit. 
On  the  other  hand,  more  mercury  is  advisable  for  heavy 
objects,  such  as  spoons,  forks,  and  table  ornaments,  w  hicli 
should  receive  a  thick  deposit  of  gold  or  silver.  The 
latter  must  come  from  the  mercurial  solution  with  a  per- 
fectly white  and  bright  appearance,  looking  like  silver. 
while  the  color  of  the  former  should  show  but  little 
change. 

*  In  (hiaCH«e  tlieory  is  coiiHrin*nl  bj  experience,  since  tbeexcbwnge 
uf  buses  lakes  pUu-c  bfiwecn  oxules,  anulogously  constlluted  (HgOand 
CuO). 
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It  mav  be  laid  down  as  a  rule  that  the  behavior  of  the 
articles  in  the  "  quicking"  solution  is  the  test  of  the 
thoroughness  of  the  preceding  cleansing  operations.  If 
the  cleansing  has  been  properly  done,  the  articles  wiU 
come  out  of  the  "  quicking"  solution  perfectly  wliite  and 
bright  like  silver.  Where  the  cleansing  has  not  been 
thorough,  on  the  contrary,  they  will  come  out  blackened 
or  colored  of  various  shades  and  generally  without  metal- 
lic lustre. 

■  When  the  "  quicking"  solution  becomes  exhausted  by 
use,  it  may  be  revived  by  the  addition  of  a  few  drops  of  . 

pemitrate  of  mercury  ;/  but  it  is  more  prudent  to  discard    '^''- '  ' 
it  and  prepare  a  fresh^  solution. 

We  cannot  insist  too  strongly  on  the  necessity,  especially 
when  gilding  or  silvering  by  dipping,  of  allowing  no 
intervals  between  the  various  operations  of  cleansing, 
virhich,  excepting  the  time  necessary  for  cleansing  by  fire 
or  by  alkalies,  ought  to  tiike  place  in  less  time  than  is 
needed  to  read  the  following  resumS : — 

1.  Cleansing  by  fire  or  by  alkalies. 

2.  Dipping  and  rinsing  in  water. 

3.  Dipping  in  old  aqua  fortis  and  rinsing. 

4.  Dipping  in  strong  aqua  fortis  and  rinsing. 

5.  Dipping  in  the  liquid  for  a  bright  lustre,  or  in  the 
whitening  bath,  and  rinsing. 

6.  Dipping  in  nitrate  of  mercury,  and  rinsing. 

And,  lastly,  immersing  the  articles  in  the  depositing  vat. 

This  treatment,  pre^mratory  to  obtaining  the  desired 
metallic  deposit,  answers  equally  well  for  copper,  and  all 
the  alloys  rich  in  this  metal.  German  silver,  however, 
on  account  of  the  nickel  it  contains,  will  sometimes  be  a 
little  difficult  to  manage,  and  may  require  freshly  prepared 
dipping  baths.  But  in  this,  as  in  many  other  cases,  the 
operator  will   quickly  learn   by  practice   all   the  slight 
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modifications  which  may  be  needed*  As  a  rule,  copper 
and  its  aUoys  must  not  be  cleansed  by  mechanical  means. 
But,  if,  notwithstmiding  the  proper  care,  German  silver 
does  not  cleanse  well,  it  shoidd  then  be  cleaned  with 
alkalies,  carefully  scoured  with  pumice  powder  and  a 
liard  brusli^  then  passed  through  a  moderately  strong 
•'quicking''  solution,  and  introduced  into  the  depositing 
vat. 

The  cleansing  baths  are  commonly  kept  in  covered 
vessels  of  glass,  stoneware,  porcelain,  or  other  ceramic 
ware  that  will  resist  corrosion  by  the  acids  employed. 
Common  earthen-ware  or  lead-glazed  pottery  must  be 
rigorously  excluded.  The  cleansing  pots  should  be  deep 
and  comparatively  straight  in  sliape,  and  should  be  pro- 
vided with  a  cover,  or  in  lieu  of  this  a  plate  of  glass,  to 
avoid  loss  by  evapomtion  wlien  tlie  liquids  are  not  in 
service   (Fig,  10).     The    shallow  dishes,   usually   called 


Fie..  10, 


11, 


capsules,  present  a  large  evaporating  surface,  and  should 
be  rejected  for  this  purpose.     Vessels  of  this  form,  how^-   ■ 
ever,  are  excellent  for  rinsing  (Fig.  II).  *" 

Electroplaters  and  varnisiiers  should  be  provided  with  a 
considerable  number  of  dipping  pots  of  various  sizes  and 
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shapes,  in  order  to  accommodate  articles  of  every  de- 
scription that  they  may  not  be  obliged  to  clean  the  same 
piece  in  two  operations  for  the  need  of  a  suitable  vessel. 

In  some  well-arranged  establishments,  a  series  of  rinsing 
vessels  is  provided  arranged  in  cascade  form,  the  overflow 
of  one  flowing  into  the  next  lower  one,  and  so  on.  The 
rinsing  is  begun  in  the  lowest  vessel  and  is  completed  in 
the  highest,  which  is  placed  under  the  delivery  cock  (Fig. 
12). 

Fig.  12. 


All  the  cleansing  pots,  as  well  as  the  swilling  vessels, 
should  be  disposed  in  two  rows  in  a  deep  trough  lined 
with  pitch  or  lead  and  furnished  with  a  waste-pipe  to  carry 
off  the  foul  water.  The  whole  is  placed  beneath  a  hood 
communicating  with  a  chimney,  provided,  for  greater  pre- 
caution, with  a  sliding  glass-door,  which  the  operator  can 
raise  or  lower  at  pleasure,  to  facilitate  the  carrying  off  of 
the  acid  fumes.  If  the  draft  of  the  hood  is  not  sufficient, 
a  small  fire  may  be  kindled  beneath  it  when  at  work;  a 
lighted  gas-jet  is  often  sufficient  for  the  purpose. 


44 


GALTANOPLASTIC   MANIPUf.ATrONS. 


The  ''strippmg "  liquids,  for  removing  the  precious 
metal  from  old  gilded  or  silvered  ware,  are  likewise  trouble- 
some because  of  the  acid  va|>ors  they  j^ive  off.  and  for  this 
reason  should  idso  be  kept  beneath  the  hood,  and  kept 
covered  with  a  cover  of  pL^te  glass.  As  to  the  "'quirking  " 
solution  it  is  best  to  place  it  near  to  the  gilding  or  silvering 
vats,  and  alongside  of  one  or  two  large  rinsing  vessels  ot 
fresh  water,  for  tlioronghly  swilliiig  the  articles  immedi- 
ately before  transferring  them  to  the  depositing  vat. 


CHArTKR  IIL 
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For  cleaning  the  metals  to  be  numtioned  further  on. 
neither  science  nor  practice  furnishes  us  with  methods  as 
perfect  as  thost^  we  possess  for  ehnuising  eoj>per  and  its 
alloys.  In  nearly  all  castas,  we  shall  he  obliged  to  have 
recourse  to  mechanical  agents,  which  are  much  less 
favorable  to  success,  since  with  their  aid  we  cannot,  as 
with  acids,  act  simultaneously  on  c^very  part  of  the 
sulyect.  By  such  means,  therefore,  it  is  impossible  to 
entirely  avoid  exposure  of  the  cleansed  surfaces,  for  a 
longer  or  shorter  time,  to  the  influence  of  the  air,  moisture, 
and  injurious  gases.  We  shall,  bowe\'er,  procct;^!  to 
describe  the  most  ])erfect  and  expeditious  processes  for 
arriving  at  the  best  possible  results. 

In  order  to  prepare  this  metal  for  receiving  a  deposit 
of  any  other  metal,  it  nuist,  as  in  all  other  cases,  be  freed 
from  any  surface  impurity.  We  begin  by  beating  tlie 
object  to  a  dull  red  heat  upon  a  slow  fire.  If  the  silver 
is  pure,  which  very  seldom  happens,  it  becomes  covered 
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with  a  thin  bluish  film  resulting  from  the  decomposition 
of  organic  matter,  the  result  of  handling.  If,  on  the 
other  hand,  and  as  is  nearly  always  the  case,  the  silver  is 
alloyed  with  a  variable  proportion  of  copper,  the  latter 
becomes  oxidized  and  covers  the  piece  with  a  grayish- 
black  coating.  While  the  piece  is  still  hot,  it  is  plunged 
into  a  boiling  pickle  of  diluted  sulphuric  acid,  which  trans- 
forms the  oxide  into  sulphate  and  dissolves  it,  while  not 
sensibly  attacking  the  silver. 

If  the  heat  has  been  sufficiently  protracted  for  oxidizing 
all  the  copper  on  the  surface,  the  object,  when  removed 
from  the  pickle,  will  present  a  perfectly  dead  white  appear- 
ance. It  is  grayish,  on  the  contrary,  if  the  heating  has 
been  too  short,  and  the  operation  must  be  repeated  as 
many  times  as  is  neccessary  until  success  is  attained. 
This  is  especially  necessary  with  silver  alloys  of  a  low 
degree  of  fineness. 

A  few  gilders,  instead  of  heating  silver  over  a  naked 
fire,  as  above  described,  place  it  in  sheet-iron  boxes  filled 
with  a  mixture  of  powdered  borax,  lime,  and  charcoal 
dust.  In  this  case  the  borax  dissolves  the  oxide  of  copper 
as  fast  as  it  is  formed ;  as  for  the  chalk  and  charcoal  dust, 
we  do  not  understand  their  utility,  unless  they  are  intended 
to  prevent  the  formation  of  a  small  quantity  of  oxide  of 
silver,  which  would  also  have  been  dissolved  in  the  pickle. 
It  is  possible  that  these  substances  aid  in  distributing  the 
heat  uniformly  ovejr  the  entire  surface  of  the  article. 

We  derive  this  method  from  the  gold  and  silver-smiths, 
who  employ  it  for  whitening  and  giving  a  dead  lustre  to 
their  silverware. 

If  the  objects  to  be  cleansed  are  hollow,  as  certain 
medals  formed  of  two  shells  soldered  along  their  edges,  it 
is  absolutely  necessary,  before  heating,  to  make  a  small 
hole  which  will  allow  of  the  escape  of  the  confined  air 
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which  will  be  expanded  by  the  fire.  Without  this  pre- 
caution, the  piece  will  certainly  burst  open,  and  possibly 
result  in  injury  to  the  operator. 

This  aperture,  thougli  necessary  for  the  above-named 
purpose,  presents  the  inconvenience  that  when  the  piece 
is  put  into  the  pickle,  the  acid  hqnor  takes  the  place  of 
the  air  between  the  shell^s^  and  is  difficult  to  remove.  In 
order  to  present  the  spottinj^  of  tlie  pitn-e  by  tliis  liquor, 
it  is  dip()ed  for  a  few  minutes  into  a  very  dihite  solntion 
of  anmionia  or  of  carbonate  of  sodium  (sal-soda),  which 
neutralizes  the  arid  and  prevents  any  injurious  action 
upon  tlie  silver.  It  is  then  sufficient  simply  to  place  the 
rinsed  artich^  between  layers  of  well-dried  and  warm  saw- 
dust wliich  will  absorb  the  saline  solution  which  it  still 
contains. 

C'ertain  operaton^  use  nitric  in  preference  to  sidpliuric 
acid  for  this  pickle.  Where  this  is  done,  however,  the 
water  must  be  distilled,  and  the  acid  iree  Irom  chlorine 
or  liydrocliloric  acid,  as  otherwise  the  silverware  will  be 
covered  with  a  bluish  film  of  chloride  of  silver. 

This  method  of  cleansinfj^  silver  is  not  suited  for  articles 
in  which  iron,  zinc,  etc.  may  be  present.  In  this  case  it 
will  be  necessary  to  employ  alkahes,  and  to  polish  after* 
wards  with  very  fine  sand  or  pumice  powder,  with  the  aid 
of  a  stiff  and  short  t>rush  or  with  the  scratch-brush  alone. 

Silver,  perfcf^tly  cleansed  by  the  above  o|Kn'ations  of 
heating  and  pickling,  is  in  condition  to  receive,  mthoiit 
fnrther  treatment,  a  deposit  of  another  metal ;  but  it  is 
evident  that  as  it  comes  from  the  depositing  vat,  it  will 
present  the  same  dead  lustre  that  the  object  had.  We 
may  take  advantage  of  this  fact  to  produce  certain  agree- 
able contrasts  between  different  parts  of  tlie  surface.  To 
effect  this,  certain  parts  only  of  the  surface  may  be  pol- 
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ished  with  the  aid  of  the  burnisher,  which  we  will  de- 
scribe further  on.  It  is  the  general  usage,  however,  before 
introducing  articles  of  silver  into  the  gilding  vat,  to  sub- 
mit them  to  the  operation  known  as  "  scratch-brushing." 


CHAPTER  IV. 

SCRATCH-BRUSHING ^VARIOUS  KINDS  OF  SCRATCH-BRUSHES 

.  SCRATCH-BRUSH  LATHE. 

ScratcJi'brnsJnng. 

Scratch-brushing  is  one  of  the  indispensable  and  con- 
stantly recurring  operations  of  the  galvanoplastic  art.  It 
often  precedes,  and  nearly  always  follows  the  operation 
of  deposition,  and  therefore  requires  a  special  description. 

"  ScratchJ?rushing"  consists  in  brightening  the'  surface 
of  an  object,  by  the  rapid  and  long-continued  friction  of     ^ 
the  points  of  a  collection  of  stiff  and  straight  metallic 
wires. 

The  instrument  used  for  this  purpose  is  called  a  "  scratch- 
brush,"  and  its  shape  varies  with  the  articles  to  be  ope- 
rated upon. 

The  hand  "  scratch-brush"  consists  of  a  bundle  of  fine 
wires  of  hardened  brass,  which  should  be  selected  from 
a  large  coil  in  order  that  the  single  wires  which  compose 
the  bundle  may  have  less  tendency  to  bend  or  curve 
when  in  place.* 

To  make  a  good  hand  scratch-brush,  proceed  as  follows : 
select  a  coil  of  brass  wire  of  the  proper  degree  of  fineness 

*  Scratch-brushes  of  spun  glass,  with  fibres  of  extreme  fineness 
and  elasticity,  are  also  used  for  scouring  highly  delicate  objects. 
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(Fig,  13),  and  bind  it  tightly  with  strong  twine  for  about 
two-thirds  of  the  intended  len«[tb  of  the  brush  (fi  or  8 
inches)  (Fig.  14),  Then,  with  a  ehisel,  cut  the  bundle  of 
wire  close  to  the  cord  jit  one  end,  and  about  2  indies 
from  it  at  the  other  end.  Tlien  dip  the  close  cut  end 
into  a  neutml  sohition  of  chloride  of  zinc,  and  plunge  it 
into  melted  tin,  whicli  solders  all  the  wires,  and  prevents 
tlieir  separatiou  and  injury  to  the  hand  of  the  operator. 
The  tool  thus  made  may  be  used  as  it  is,  but  it  is  pre- 
ferable to  fix  it,  by  means  of  another  string,  to  a  thin 
wooden  hiuidhi  whicli  projects  above  the  soldered  end 
{Fig.  15), 


Fig.  13. 


Fig.  14. 


FijT.  1;^. 


Fis.  16. 


n. 


Scratch -brushes  an:  also  made  by  rutting  a  coil  of  wire 
for  a  leiigtli  of  from  1'2  to  16  inches,  binding  it  in  the 
middle,  and  doubling  it  so  as  to  unite  the  two  ends  (Fig. 
U)).  This  proc:ess  is  less  economical,  and  the  wires  have 
a  tendency  to  become  entangled. 
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Very  small  scratch-brushes  are  necessary  for  reaching 
sinuosities  and  depressions  in  the  work,  and  other  parts 
difficult  of  access. 

An  old  scratch-brush,  the  wires  of  which  have  been 
bent  in  every  direction,  when  fixed  to  a  long  handle,  is 
useful  for  scouring  the  interior  of  certain  pieces,  such  as 
Etruscan  vases,  coffee-urns,  etc.  (Fig.  17). 

The  vamishers  on  metals  use,  for  rapid  work,  a  kind  of 
brush  (Figs.  18  and  19)  with  long  and  stiff  brass  wires. 
Such  brushes  are  only  used  for  the  preparation  of  articles 
of  considerable  size,  such  as  clock  diab,  hearth  furniture, 
and  the  like. 


Fig.  17. 


Fig.  18. 


Fig.  19. 


Scratch-brushing  is  scarcely  ever  done  dry ;  the  tool, 
as  well  as  the  pieces,  must  be  constantly  wet  with  a  solu- 
tion, which  may  set  up  a  chemical  action,  but  which 
most  generally  acts  simply  as  a  lubricant,  and  which,  at 
the  same  time,  carries  away  the  impurities  that  the  brush 
detaches. 

The  scratch-brush  affords  an  excellent  test  of  the  qual- 
ity of  the  metallic  deposits;  when  good  they  are  only 
polished  by  the  friction ;  when  bad  they  scale  off,  from 
defective  adhesion  to  the  subjacent  metallic  surfaces. 
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A  good  adjunct  for  scratch-bnishing  is  a  sliallow  wooden 
tub  for  the  solution  employed,  with  a  board  laid  across  it, 
nearly  level  with  the  edj^es,  which,  however,  project  a 
httle  above.  This  board  serves  as  a  rest  for  the  pieces 
(Fig.  20). 

Fig.  30, 


2s: 


"X 


The  liqnid  employed  is  water  and  vinegar,  or  sour  wine 
(stale  beer),  or  solutions  of  cream  of  tartar  or  alum  wlien 
we  desire  to  brifj^hten  a  gold  deposit  which  is  too  dark. 
But  that  most  generally  used  is  a  decoction  of  liquorice 
root,  of  horse*chestniit,  of  marshraallow,  of  soapwort^ 
or  of  the  bark  of  Pantima  wood,  all  of  which,  being 
slightly  mucilaginons,  allow  of  a  gentle  scouring  with  the 
scratch-brush,  witli  the  prrxluction  of  an  abimdant  froth. 

The  board  on  which  the  piece  is  rested  while  being 
scoured,  should  be  above  the  surface  of  the  liquid.  It 
suffices  to  frequently  w(^t  the  scratch-brush  and  the  piece 
by  dii>ping  in  the  solution. 

Every  five  or  six  days  the  old  liquid  is  removed  by 
careful  decantation,  so  as  not  to  carry  away  the  sediment 
at  the  bottom,  which  always  contains  a  little  of  the 
precious  metals,  and  these,  together  with  various  residues 
of  the  workshop,  are  collected  to  be  treated  afterwards, 
as  we  shall  explain  iurthcr  on. 
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With  small  objects  and  articles  of  jewelry,  the  operator 
holds  the  scratch-brush  as  he  would  a  writing  pen,  and 
moves  it  over  the  article  with  a  back-and-forward  motion 
imparted  by  the  wrist  only,  the  forearm  resting  on  the 
edge  of  the  tub  (Fig.  21). 

Fig.  21. 


For  larger  articles  of  bronze,  on  the  contrary,  the 
operator  holds  his  extended  fingers  close  to  the  lower 
part  of  the  scratch-brush,  so  as  to  give  the  wires  a  certain 
support,  and,  with  raised  elbow,  strikes  the  piece  repeatedly, 
at  the  same  time  giving  the  tool  a  sliding  motion.  When 
a  hollow  is  met  which  cannot  be  scoured  longitudinally, 
a  twisting  motion  is  imparted  to  the  tool.  These  various 
motions  are  better  understood  when  seen  than  when 
described. 

This  mode  of  hand  scratch-brushing  is  slow  and  tedious ; 
besides,  it  is  open  to  the  inconvenience,  on  account  of 
the  irregular  motion  of  the  arm,  of  leaving  on  soft  metals 
cross  marks  which  have  a  bad  appearance. 
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Circular  scratch-brushes,  in  whicli  the  wires  are  ar- 
ranged radially,  are  used  for  scouring  articles  that  admit  j 
of  their  use,  such  as  table- ware  and  plated  wares'  in 
f^eneraL  These  circular  scratch-brushes  are  attached  to 
the  spindle  of  a  lathe,  and  the  wires  consequently  all 
receive  a  uniform  motion  in  the  same  direction. 

Scratch 'britsh  La  the. 

The  scratch-brush  lathe  shown  in  Fig,  92  consists  of 
a  circular  brush  nf  brass  wires,  with  a  metal  or  wooden 

Fig.  22. 


mF  i^ 


se,  mounted  upon  a  spindle  running  in  two  bearings, 
id  driven  either  by  foot  or  by  steam  power.     The  wires 
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are  from  2  to  3  inches  long,  aud  the  form  of  the  brash  is 
shown  in  Fig.  23.  The  top  of  the  brush  revolves  towards 
the  operator,  who  presents  the  object  to  be  scratched, 
to  the  bottom. 

Fig.  2S. 


The  brush  is  surrounded  by  ii  wooden  viv^e  or  screen,  to 
prevent  splashing*  It  is  open  in  front,  and  above  it  is 
placed  a  reservoir  of  one  of  the  liquids  above  named  (gene- 
rally, stale  beer),  from  which  a  slender  jet  of  the  liquid  is 
allowed  to  dribble  upon  the  top  of  the  brush.  In  order 
to  protect  the  operator  against  the  water  projected  by  t!ie 
rapid  motion,  there  is  fixed  to  the  top  of  the  frame  a  suiall 
inclined  board,  which  reaches  a  little  lower  than  the  axis 
of  the  brush,  without  touching  it.  This  board  receives 
ihe  projected  liquid  and  lets  it  fall  into  a  zinc  trou«^li 
wliich  forms  the  bottom  of  the  box.  Thrt)ugh  an  outlet 
provided  in  one  of  the  angles  of  the  trough  a  gum  tub** 
conveysi  the  waste  liquid  to  a  reservoir  below. 

Fig.  24  represents  a  lathe  of  different  Ibrm,  which  is 
well  adapted  for  pieces  of  small  size.  It  is  likewis<^* 
giirrounded  by  a  screen,  to  avoid  splashing  the  operator 
and  neighboring  objects. 

The  above  described  hand  and  lathe  scratch-brushes  are 
made  of  wire  of  various  gauges,  from  coarse  to  very  fine, 
according  Ur  their  intended  uses* 

When  a  hand   scratch-brush   becomes  too  short,  the 
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When  they  begin  to  curl,  they  are  now  and  then  beaten 
with  a  mallet  of  boxwood,  upon  a  small  block  held 
between  the  knees,  so  as  not  to  produce  a  dead  stroke. 

Fig.  25. 


Scratch-brushes  kept  too  long  in  water  become  hard. 

If  they  become  greasy,  they  are  cleansed  in  caustic 
potassa;  when  oxidized,  they  must  be  cleansed  in  the 
mixed  acid  bath.*  This  last  operation,  and  even  the  dipping 
in  aqua  fortis,  are  sometimes  resorted  to  for  diminishing 
the  size  of  the  wires,  and  to  soften  the  brush. 

The  lathe-brush  is  now  and  then  turned  over,  face  for 
face,  in  order  to  change  the  direction  of  the  wires. 

A  few  practical  men  have  tried,  by  means  of  suitable 
devices,  to  run  the  lathe-brush  constantly  immersed  in  the 
liquid.  But  the  resistance  offered  by  the  liquid  requires 
so  much  more  power  to  drive  it  that  the  method  has  been 
abandoned.  If  it  were  practicable  this  method  of  running 
the  lathe-brush  would  be  very  desirable  both  on  the  score 
of  cleanliness  and  because  it  would  aiford  a  more  complete 
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protection  against  the  oxidation  uf  the  wires  by  the  acid 
fumes  of  the  workshop. 

Scratch-brushing  is  an  important  operation,  the  more 
so  thfit  man  J  articles  are  delivered  to  the  trade  without 
any  further  manipulation.  It  is  therefore  advisiible  for 
beginners  to  become  thoroughly  pmctised  in  it  before  they 
venture  to  experiment  upon  articles  of  considerable  vahie. 

Another  apparatus  employed  for  scratch-brushing  and 
pohshing  consists  of  a  quantity  of  disks  of  muslin  held  to- 
gether by  side  wasliers  and  nuts,  and  mounted  upon  a 
mandrel  or  arlior  revolving  with  great  velocity.  These 
huffing  wlieels^  as  they  are  called,  are  flexible,  and  follow 
tlie  irregularities  of  shape  of  certain  articles.  They  receive 
now  and  then  a  snuill  quantity  of  rouge  or  pumice-stone, 
or  any  other  suitable  polishing  or  abrading  material. 


CHAPTER  V 


A 


CLEANING  BY  ATTRITION,  (TCMBUNGV 


.  Very  small  arti(-les,  that  cannot  be  scratch-brushed, 
are  cleaned  by  attrition,  either  dry  or  wet.  For  this  pur- 
pose the  articles  are  placed  in  a  long  and  narrow  sack,  to 
which  a  regular  to-and-fro  motion  is  given,  thus  occasion- 
ing a.constant  iriction  by  the  rolling  of  the  articles  over  each 
other.  In  some  cases,  as  where,  for  example,  it  is  desired 
to  lighten  the  gilding  of  pearls,  diluted  vinegar  is  used 
in  the  operation.  In  other  cases  sawdust  from  fir  or 
box*wood  is  employed  for  drying  the  small  articles,  and 
at  the  same  time  increasing  their  brightness. 

The  operation  is  sometimes  perfonned  by  hand.     The 
articles  to  be  brightened  arc  introduced,  together  with 
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sawdust,  bran,  or  sand,  into  a  cloth  sack  about  4  feet  in 
length;  then,  the  ends  being  gathered  into  the  hands 
with  the  thumbs  inwards,  a  regular  motion  with  both 
•arms  from  right  to  left  and  from  left  to  right  is  given  to 
the  bag,  so  that  one  of  its  extremities  is  alternately  raised 
while  the  other  is  lowered.  The  inclosed  articles  must 
follow  this  motion,  and  by  rolling  over  each  other  become 
gradually  polished. 

When  it  is  deemed  preferable  to  perform  this  operation 
in  water,  which  is  frequently  the  case,  a  device  like  that 
shown  in  Fig.  26  is  found  to  be  very  serviceable.     It  con- 
Fig.  26. 


sists  of  a  small  tub  suspended  by  long  cords  to  a  beam 
of  the  ceiling,  to  which  the  operator  imparts  a  to-and- 
fro  motion  whereby  the  articles  to  be  polished  are  made 
to  roll  one  over  the  other. 
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Another  apparatus   for  cleaning  by  attrition,  is  the 
/  tumUing-box  shown  in  Fig.  27.  j  It  consists  of  a  cylin- 

drical or  polygonal  box,  having  a  side  door  for  the  in- 
troduction of  the  work,  and  is  mounted  horizontally  on 

Fig.  27. 


an  axis  furnished  with  a  winch  or  pulley,  so  as  to  be 
revolved  either  by  hand  or  power  as  may  be' desired.  -^In 
order  to  prevent  certain  objects,  like  hooks  for  ladies' 
dresses  and  the  like,  from  catching  each  other  and  accumu- 
lating into  a  mass,  a  number  of  nails  or  wooden  pegs  are 
fixed  in  the  interior  of  the  drum. 


CHAPTER  VI. 

GOLD-VARNISH. 

Although,  strictly  speaking,  this  work  should  be  con- 
fined to  subjects  relating  to  the  deposition  of  metals,  we 
assume  tliat  most  of  our  readers  will  be  interested  in  a 
descrii)tion  of  those  processes  by  wjiich  those  magnificent 
varnislies  are  obtained  which  imitate  so  completely  the 
appearance,  frcslmcss,  and  rich  tones  of  real  gilding.     In 
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general,  varnish  is  applied  only  upon  copper  and  its  more 
or  less  yellow  alloys. 

Grold  vamishers  operate  as  follows:  After  the  pieces  have 
been  perfectly  cleansed,  scratch-brushed,  and  burnished 
if  necessary,  they  are  completely  dried  in  the  hot  sawdust, 
and  wiped  clean  with  a  fine  cloth.  A  light  coat  of  varnish 
is  then  applied  with  a  fitch^pencil,  and  all  excess  of  varnish 
removed  or  levelled  with  another  flat  brush  of  badger-hair 
or  bristles.  /  The  two  brushes  are  kept  together  in  the 
same  hand,  the  varnish  brush  between  the  thumb  and 
first  two  fingers,  while  the  flat  one  (without  a  handle)  is 
held  between  the  other  fingers  and  the  palm  of  the  hand. 
(Fig.  28.) 

Fig.  28. 


u- 


In  this  manner  there  is  no  interval  in  the  use  of  the 
two  brushes.     The  varnish  is  kept  in  a  jelly-pot  or  other 
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siinilar  vessel,  across  the  top  of  which  a  string  has  been 
stretched.  This  string  is  intended  for  removing,  by  wiping, 
the  excess  of  varnish  taken  up  by  the  brush  or  pencil. 
(Fig.  29) 

Fig.  29. 


The  varaish  which  covers  the  burnished  parts  of  the 
piece  nitay  be  removed  with  a  clean  rag  wetted  in  alcohol 
and  wrapped  around  the  linger.  Another  dry  cloth  fin- 
ishes tlie  dr\ing.  Sometimes  the  burnislied  parts  are  also 
varnished,  biit  tlie  operation  is  very  diflBcnlt  when  their 
surfa(*e  is  considerable.  Roun<l  wares,  polished  or  bnr- 
nished,  may  be  varnished  in  the  lathe. 

After  the  varnish  has  been  applied  as  imiformly  as 
possible,  the  wares  are  put  into  a  drying  stove  heated  from 
about  140°  to  175°  Fah.,  or  supported  upon  wires  on  top 
of  a  small  funiace  heated  with  smouldering  charcoal-dust. 
The  alcohol  or  essential  oils  of  the  varnisli  are  rapidly  vola- 
tilized, while  the  resins  or  gums  melt  and  cover  the  objects 
with  a  glassy  lustre.  The  heat  must  be  sufficient  to  melt 
these  gums,  but  low  enough  to  avoid  burning  them. 
When  tlie  ojieration  has  been  well  performed,  the  pieces 
present  a  beautiful  and  uniform  gokleu  appearance,  with 
no  disfiguring  red  patches,  which  latter  indicate  an  un- 
equal thickness  of  varnish. 

Varnishcrs  have  always  at  their  disposition  four  var- 
nislies  of  different  shades, — red  gokl^  orange^t/elloia  gold^ 
green  gold^  and  colorless  varnish  for  mixhires.  This  last 
is  employed  for  diluting  the  first  three  and  diminishing 
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the  depth  of  their  colors.  Each  of  these  various  varnishes 
gives  to  copper  the  gold  color  peculiar  to  it,  and,  when 
mixed,  intermediary  shades.  It  often  happens  that  the 
various  parts  of  a  large  piece  are  different  in  composition 
and  color,  and  the  varnisher  is  obliged  to  impart  the  same 
shade  of  gold  all  over,  by  skilful  combinations  of  varnishes. 
He  thus  succeeds  in  giving  the  same  gold  color  to  half- 
red  copper,  and  to  alloys  of  yellow  and  green  brass. 

But  a  small  quantity  of  varnish  is  povired  into  the 
varnish  pot  at  one  time,  in  order  to  prt^vent  it  from  thick- 
ening by  evaporation,  and,  after  the  operation,  the  residue 
is  poured  back  into  the  flask  from  which  it  was  taken  and 
kept  well  stoppered.  The  brushes  and  pencils  must  be 
often  washed  in  alcohol,  which  may  afterwards  be  used 
for  diluting  thick  vaniishes. 

These  varnishes  are  made  by  dissolving  various  resinous 
substances,  like  sandarach,  benzoin,  dragon's-blood,  elemi, 
gamboge,  etc.,  and  tinctorial  matters,  such  as  saffron, 
annotto,  alkanet,  etc.,  in  a  mixture  of  alcohol  with  essence 
of  lavender  or  of  spikenard.  All  qualities  of  varnishes 
are  to  be  found,  but  the  more  expensive  are  often  the 
more  economical. 

To  remove  the  varnish  from  an  imperfectly  varnished 
piece,  or  from  an  old  one,  it  is  immersed  in  alcohol  or 
concentrated  sulphuric  acid,  or,  better  still,  in  a  boiling 
solution  of  caustic  lye.  The  varnishing  is  then  begun 
anew. 
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CLEANSING   ZINC — LEAD TIN — CAST   IRON WROUGHT  IRON 

STEEL ETC, 

Cleansing  Zinc. 

/ZiNCy'next  to  copper  and  silver,  is  the  metal  that  the 
electroplatcr  has  most  frequently  to  deal  with*  This 
siibstanre,.  which  the  ancient  chemists  Imd  rani^ed  among 
lialf  mentals  (/.  e.  those  whoso  brittleness  unfitted  them 
for  many  uses  in  the  arts) j  has  for  some  years  past  received 
so  many  improvements  in  its  preparation  that,  at  the 
present  day,  there  are  few  metals  apphed  to  more  various 
uses  than  zinc.  It  may  be  drawn  out  into  quite  tenacious 
medium-sized  wire,  which  takes  the  place  of  h:*ad  and  brass 
wire  for  many  uses,  and  into  wire  so  fine  that  it  is  possible 
to  sew  and  embroider  with  it:  it  is  rolled  into  plates  whose 
properties  of  resistance  and  lightness  render  them  often 
prelerable  to  sheet  lead,  iron,  or  copper ;  it  may  be  cast 
into  all  kinds  of  shapes  and  patterns,  and  tlie  castings  are 
sufficiently  sharp  and  economical  to  permit  the  production 
of  a  great  number  of  ornamental  objects,  such  as  were 
ibrmerly  made  of  copper,  bronze,  or  brass.  The  clocks, 
cups,  candelabms,  chandeliers,  statues,  and  ornaments  of 
all  kinds  cheaply  obtained  with  this  metal  have  made 
these  usefid  and  artistic  objects  very  common,  It  is 
suffii'iently  strong  and  sonorous  for  such  uses,  but  its  ai> 
pearance  is  not  prepossessing,  and  we  cannot  do  better 
than  to  study  the  processes  by  which  its  surface  is  modi- 
fied and  rendered  similar  to  that  of  more  precious  metals. 
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lally  coated  with  gold 


em  a  coating 


• 
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Object^s  of  zinc  are  occasion 
silver ;  but  the  common  practice  is  to  give 
of  copper  or  of  brass^  which,  after  certain  chemical  manipu- 
lations to  be  described  furtlier  on,  may  be  made  to  present 
the  various  shades  of  bronze  known  as  verd  antique^ 
Florentine,  medallion,  artistic,  etc.  But  before  under- 
taking any  of  these  operations,  the  zinc,  like  all  other 
metals,  must  first  be  cleansed  of  all  its  surfiice  impurities. 

The  cleansing  of  zinc  is  performed  as  follows :  it  is 
dipped  into  a  boiling  solution  of  caustic  potash,  in  which 
it  should  only  remain  a  short  time,  since  tliis  liquid  readily 
attacks  the  metah  It  is  then  rinsed  in  fi*esh  water ;  then 
immersed  for  a  few  minutes  hi  water  acidulated  with  from 
oue-tenth  to  one-twentieth  of  sulpliurie  acid  ;  tlien  tlior- 
oughly  swilled  (in  hot  water  if  possible) ;  and  if  it  shoidd 
be  necessary,  scoured  with  a  stiff  brush  and  pumice  pow- 
der, or  vigorously  scratch-Iirnshed.  This  last  operation 
ig  especially  useful  when  parts  have  been  united  with  tin 
©older,  which  becomes  black  and  didl  by  the  action  ol 
the  alkaline  and  acid  baths. 

These  processes  never  give  entirely  satisfactory  results, 
and  the  cleansing  is  much  more  thorough  when  the  object 
is  rapidly  dipped  into  a  cold  mixture  of — 

Sulphuric  acid  .....  lUO  vohinies. 

K\\t\c  aci<l luo       ** 

Common  salt  .         .         .  .         .  1  per  cefit. 

and  then  still  more  rapidly  rinsed  in  water  perfectly  free 
from  c<jjiper  i^alt*  which  will  blacken  the  zinc. 

If.  instead  of  this  rpiick  cleansing  of  the  zinc,  we  allow 
it  to  remain  a  httle  lonp^r  in  the  above  mixture  of  acids^ 
it  acquires  a  fine  "  dead"  lustre,  which,  in  some  cases,  may 
he  utili/x^d  for  producing  agreeable  contrasts  between  the 
various  parts  of  the  same  piece. 

The  **  dead''  lustre  disappears  and   gives  place  to  a 
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^^  bright''  one,  when  the  piece  is  replunged  a  number  of 
times  in  the  acid  mixture,  and  rinsed  rapidly  after  eaeb 
immersion.  When,  as  frequently  happens,  the  different 
members  of  wliicli  a  zinc  article  is  made  up.  are  united  by 
tin  or  phnnhiferuus  solder,  these  portions  of  the  surface 
will  come  out  of  the  cleansing  liquor  blackened;  but  the 
inconvenience  is  trifling,  as  a  few  strokes  of  the  scratch- 
lirush  before  immersion  in  the  depositing  vat  suffice  to 
remove  it. 

Zinc  should  be  lightly  amalgamated  bypassing  through 
the  '*  qiiicking"  solution  (nitrate  of  mercury),  pi*eviously 
indicated  for  copper.  This  treatment  insures  greater 
density  to  the  electro-deposits. 

Wlien,  as  often  liap|x.*ns,  in  consequence  of  careless  or 
defective  cleansing  of  the  pieces,  the  copper  or  brass  de- 
posit is  unsatisfactory,  having  only  a  slight  adherence  at 
many  points  of  the  sinface,  it  l>ecome8  necessary  to  repeat 
the  o[xn*ation  of  brassing  or  coppering.  In  such  cnses  it 
is  always  prudent  to  completely  •'^  strip"  the  zinc  of  its 
cupreous  coating.  This  is  bcjst  accomplished  by  immers- 
ing it  in  strong  nitric  acid  until  on  removal  it  appears 
completely  black,  which  indicates  the  complete  solution 
of  the  copper.  An  immersion,  then,  into  the  acid  mix- 
ture above  named  will  render  the  surface  perfectly  white, 
and  in  condition  to  receive  a  new  deposit  of  copper. 
But,  it  the  defective  deposit  was  of  considerable  thick- 
ness, the  ^'  stripping"  will  be  attended  with  much  diffi- 
cidty,  and  it  rarely  happens  that  we  can  succeed  in  saving 
the  piece,  for  the  reason  that  the  zinc  will  be  rapidly  cor- 
roded in  those  places  that  are  first  stripped  of  their  cop- 
per coating. 
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Cleansing  Lead^  Tin^  etc. 

Tin,  lead,  the  alloy  of  these  metals  called  solder,  Algiers 
metal,  Boulogne  silver,  Britannia  metal,  etc.,  are  ninch 
more  difficult  to  cleanse  than  ziiic.  The  usual  process  is 
a  rapid  cleansing  in  potash  lye  and  subsequent  friction 
with  a  hard  substance.  The  objects  arc  sometimes 
plunged  into  diluted  hydrochloric  acid,  but  the  first  opera- 
tion is  nearly  always  necessary. 


Cleansing  Cast  hwu 

Cast  iron  is  cleansed  by  immersion  for  two  or  three 
hours  in  water  containing  one-liundredth  part  of  sulphu- 
ric acid,  Allter  this  bath,  the  metal  is  rinsed  in  cokl 
water,  and  scoured  with  fine  sand  with  the  aid  of  a  brush 
or  a  ccmrse  rag,  then  again  immersed  in  the  acid  pickle, 
rinsed,  and  phmged  into  the  depositing  yat.  If  more* 
flian  one  per  cent,  of  sulphuric  acid  be  added  to  the 
w^aier,  the  lengtli  of  the  immersion  must  be  shortene<l, 
atherwise  the  cast  iron  will  be  deeply  corroded,  and  the 
carbon  of  the  metal,  which  is  insoluble  in  the  pickle, 
ran  only  with  great  difficidty  be  remoycd  by  the  friction 
of  the  Kand.  In  fact,  cast  iron  that  has  been  injured  by 
too  prolonged  an  immersion  in  the  pickle,  or  by  the  use 
of  a  pickle  unnecessarily  strong,  cannot  l)e  made  to  yield 
good  results  in  the  depositing  vat. 

For  cleansing  cast  iron  some  operators  prefer  to  use 
hydrochloric  acid  (muriatic  acid)  in  jilace  of  sulphuric. 
A  solution  containing  5  per  cent  of  muriatic  acid  will  be 
found  to  answer  best ;  but  tlie  operation  is  more  costly 
and  more  uncertain.  A  one  per  cent,  solution  of  stdphu- 
ric  acid  w^ill  la.st  feu*  a  week,  and  at  th(*  end  of  that  time 
can  be?  revived  again  by  the  addition  of  a  fresh  hundredth 
I  of  acid* 
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In  fact,  we  prefer  a  pickle  thus  revived,  and  conse- 
qnently  charged  somewhat  with  sulphate  of  iron,  to  an 
entirely  fresh  one,  for  the  former  has  the  advantaj^e  over 
the  latter  of  attaekiiio:  the  cast  iron  more  uniformly. 
The  action  of  liydrochloric  acid,  on  the  other  hand,  is 
much  more  energetic,  and  a  portion  of  it  is  volatilized 
with  tlie  hydrogen  gas  disengfiged  during  its  action. 

If  it  he  desired  to  keep  cast  iron  thus  cleansed  for 
some  time  before  suhmitting  it  to  tlie  de])ositing  hath,  it 
is  necessary  to  keep  it  immersed  in  a  water  rendered 
alkaline  by  the  addition  of  eaustic  lime,  potassa,  or  soda, 
or  their  carhonates ;  hut  Caustic  lime-uater  is  the  cheai>est 
and  simplest  method,  and  cast  iron  whicli  has  remained 
in  it  for  a  few  hours  will  not  rust  after  quite  a  long 
exposure  to  a  damp  atmosphere. 

Cleansing  Wrought  Iron. 

The  cleansing  of  wToiight  iron  is  effected  in  the  same 
manner  as  that  of  cast  iron,  with  the  difference  that  it 
will  bear  a  stronger  piekk^  and  a  longer  immersion. 
Reference  is  made  here  to  ordinary  w^rought  iron  covered 
with  a  iiho  of  block  magnetic  scale  or  of  red  rust.  Whit- 
ened, tiled,  or  pt  lished  irons  should  be  treated  like  steel. 

Cleansing  jSieeL 

Articles  of  polished  iron  or  steel  are  usually  cleansed 
by  boding  in  caustic  lye  (soda  or  potash),  and  aftewards 
gently  scouring  with  pumice  powder  to  slightly  roughen 
the  surface*  and  thus  provide  points  of  attachment  for 
the  metal  to  be  subsecpiently  deposited.  They  are  then 
passed  rapidly  through  a  solution  composed  of — 


Wider 

Hyilriichloric  m\d 
or  Sulpliuric  acid 


1000  parts  (by  weight.) 
;3nO     **  ♦* 

100     *<  << 
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They  arc  then  well  washed  iu  fresh  water  to  free 
them  from  adhering  acid,  and  placed  at  once  in  the 
depositmg  bath.  It  is  particularly  necessary  to  guard 
against  substituting  nitric  acid  in  place  of  the  hydro- 
chloric or  sulphuric  acid  in  the  above  named  acid  solu- 
tion. 

Referring  to  the  gilding  and  silvering  of  iron  and 
steel,  Roseleur  remarks,  that,  while  th(y  may  be  well 
gilded  witliout  an  iuterinediary  coating  of  copper,  in  the 
hot  gilding  baths  to  be  described  further  on,  the  direct 
rilvering  is  always  imperfect  and  without  adherence,  on 
which  account  he  considers  it  necessary  to  coat  such 
articles  with  a  preparatory  coating  of  cupper.  As  regards 
steel,  as  we  shall  show  in  tlie  special  cliapter  on  silver- 
plating,  Roseleur  is  evidently  not  familiar  with  what 
has  heen  done  in  this  country,  and,  if  we  mistake  not, 
also  in  England.  In  all  the  large  platiuij  fiu-tories  in 
the  United  States,  not  only  is  irreproachable  silver-plating 
done  upon  table-knives  dircTtly  on  the  steel,  but  such  lias 
been  the  practice  for  the  past  twenty-five  years.  Tlie 
same  may  also  be  said  in  the  case  of  Britannia  metal  so 
largely  employed  for  articles  of  table  service  and  artistic 
u^Ss  of  which  Koseleur  maktvs  the  assertion  that  *'the 
ciirect  deposit  of  the  precious  metals  is  difficult  and  does 
not  adhere  welL"  Not  only  is  the  direct  silver-plating  of 
such  %%'are8  the  miiversal  practice  in  this  country  with 
the  most  admirable  results,  but  it  is  questionable  if 
coppered  goods  could  crommand  a  market. 

We  s^hall,  under  Silvering,  describe  certain  methods  for 
preparing  work,  in  use  in  some  of  the  leading  American 
establishments, 
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GALVANIC   BATTERIES — DANIELL's   BATTERY — MODIFIED   DAN- 

lELL BUNSEN's      BATTERY BICHROMATE      BATTERY 

grove's    battery MARIE-DAV^l^    BATTERY ^SMEF/s    BAT- 
TERY  THE  SAME  MODIFIED LfiCLANCHE  BATTERY. 

Galvanic  Batteries, 

This  name  is  ap]>lied  to  certain  forms  of  appara 
devised  for  the  pnqjose  of  gcnemtiug  an  electrical  cur- 
rent of  more  or  less  intensity  and  quantity  and  with  more 
or  less  constancy  and  uniforniity. 

As  in  static  electricity  and  magnetisni,  so  likewise  in 
the  production  of  the  electrical  cinrent  in  the  hatter)',  the 
action  is  accompanied  hy  the  phenomenon  of'  polarity ; 
the  current  presenting  properties  conveniently  known  as 
podtive  (corresponding  to  the  vitreous  of  static  electricity) 
and  negative  {oT  xem^o\\s)\  tlie  former  manifesting  itself  at 
one  extremity  of  the  apparatus,  and  the  latter  at  the  other. 
A  galvanic  couple  or  eleweni  is  constituted  by  the  union 
of  a  single  electro-negative  agent  with  a  single  electro- 
positive agent,  A  number  of  8Uch  elements,  coupled^  as 
we  shall  see  further  on,  constitutes  a  batter//.  The  agents 
employed  are  commonly  two  dissimilar  metals,  which, 
when  brought  in  contact  by  suitable  means  with  a  liquid 
capable  of  acting  cliemically  on  one  of  them,  become 
electric.  The  degree  of  electric  disturbance  will  dei^end 
on  the  nature  of  the  dissimilar  metals,  and  is  termed 
electro^viotive  force.    This  electrical  disturbance  manifests 
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itself  by  the  phenomenon  of  polarity  in  the  two  agents 
employed  in  the  cell.  The  positive  pole  is  designated  by 
the  -f-  sign,  and  the  negative  by  — . 

The  electrical  current  generated  in  a  cell  may  be  con- 
ducted to  any  desired  point  by  means  of  metallic  bands 
or  wires,  which  are  called  conductors. 

Wlien  the  two  poles  or  the  metallic  conductors  are 
united,  the  galvanic  circuit  is  closed^  and  a  continuous 
flow  of  the  opposite  electricities  takes  place  in  opposite 
directions,  in  virtue  of  the  disposition  to  re-establish 
electrical  equilibrium.  As  rapidly,  however,  as  the  oppo- 
site electricities  passing  through  the  conductors  are  neu- 
tralized, the  electro-motive  force  in  the  cell  originates  a 
fresh  electrical  disturbance.  The  consequence  of  this 
continuous  production  of  electrical  tension  and  its  equali- 
zation, is  the  formation  of  a  continuous  flow  of  electric- 
ity, which  is  called  a  galvanic  current. 

When  the  extremities  of  the  two  conductors  (not  in 
contact)  are  plunged  into  a  liquid  that  is  capable  of  trans- 
mitting the  current,  the  liquid  in  question  completes  the 
circuit,  and  is  termed  an  electrolyte. 

It  is  nearly  always  to  the  wire  which  proceeds  from  the 
negative  pole  of  the  battery  (generally  zinc)  that  we 
attach  the  object  which  is  to  receive  the  galvanoplastic 
deposit,  and  the  object  takes  the  name  of  cathode.  The 
positive  conductor  is  generally  terminated  by  a  plate  or 
wire  of  platinum,  or  by  a  plate  of  the  metal  which  the 
bath  contains  in  solution,  dr  by  any  other  good  conductor 
of  electricity,  like  the  graphite  (carbon)  of  gas-retorts,  for 
instance.  This  wire,  plate,  or  conducting  body  is  called 
the  anode. 

There  are  two  classes  of  batteries :  One  class  depends 
for  its  action  upon  "physical  agents  solely,  the  thermo- 
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electric  battery  for  example,  and  is  comparatively  feeble. 
On  this  account  such  batteries  are  rarely  employed. 

Batteries  of  the  other  class  derive  their  action  from 
chemical  processes,  decompositions  and  rerompositions, 
more  or  less  energetic.  It  is  with  batteries  of  this  class 
that  we  are  specially  interested. 

There  are  many  varieties  of  these  batteries  in  use  to- 
day. They  have  been  modified  extensively  both  in  their 
shape  nnd  in  the  nature  of  their  constituents.  But  we 
may  summarize  the  subject  by  stating  that  the  best  battery 
is  tliat  which  exhibits  in  the  smallest  volume  the  greatest 
energy,  constancy,  reguhirity,  and  economy. 

"We  proceed,  in  the  following,  to  describe  tlie  more 
important  varieties  of  batteries  which  one  may  purchase, 
or,  iu  case  of  necessity,  construct  for  himself 

DanielFfi  Battery. 

This  battery  develops  quite  a  constant  and  lasting  cu^ 
rent ;  it  is,  however,  wanting  in  intensity.  It  is  especially 
adapted  to  those  slow  deposits  which  require  to  be  thick 
and  of  uniform  texture,  A  great  advantage  of  this  bat- 
tery is  that  it  will  work  without  acids,  and,  therefore, 
without  the  production  of  gases  or  odors.  It  may  be 
used  in  a  private  apartment  without  inconvenience. 

Each  cell  of  this  battery  is  made  of  an  exterior  vessel 
of  copper  (Fig.  30),  which  is  partially  filled  with  a  satu- 
rated solution  of  sulphate  of  copper  (blue  vitriol),  and 
within  which  is  jdaced  a  diaphragm  of  sail  cloth,  or  hog's 
bladder,  or,  better  still,  a  cup  of  porous  porcelain  or 
earthen w^are  (Fig.  31),  which  causes  the  solution  of  sul- 
phate of  cojiper  to  rise  to  within  about  one  inch  of  the 
top  of  the  copper  vessel.  Tliis  diaphragm  or  cup  is 
cliarged  with  a  saturated   solution  of  chloride  of  sodium 
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(rommoii    salt),  into  which  is  pluuged  a  well-cleansed 
zinc  plate  (Fig.  32). 


Fisr.  30. 


Fii?.  31. 


Fig.  32. 


H       For  the  proper  working  of  the  apparatus,  it  is  necessary 
that  the  levels  of  the  two  solutions  sltould   be  practirally 

kihe  same.  W  there  be  any  difference,  the  solution  of 
chloride  of  sodium  may  be  slightly  above  the  other,  as 
little  inconvenience  will  result  if  a  small  quantity  of  salt 

>  becomes  mixed  with  the  sulphate  of  copper.  On  the  con- 
trary, if  from  a  liigher  Irvel  the  solution  of  sulpliate  of 
copper  passes  through  the  diapliragm,  or  porous  cell,  the 
zinc  is  immediately  corroded  and  blackened,  and  the 
batterv  mav  cease  to  work. 

■  When  a  single  Daniell*s  elenient  is  employed,  wliicli 
seldom  happens  on  account  of  the  feeble  intensity  of  the 
current,  the  conducting  wire  which  supports  the  article 
to  be  electro-plated  is  connected  with  the  zinc  plate  by  a 
binding  screw  of  brass,  and  the  other  wire  supporting  the 
anode  is  connected  with  the  exterior  vase  of  copper* 

The  solution  of  sulpliate  of  copper  must  be  kept  con- 
stantly saturated  with  crystals  of  this  salt,  which  may  be 
laid  upon  a  perforated  shelf  or  box  of  copper  in  the  upper 
portion  of  the  solution,  or  suspended  therein  in  a  bag  of 
linen  ur  hair  cloth.  A  similar  process  may  be  employed 
to  keep  the  solution  of  common  salt  in  a  state  of  satura- 
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tion.  A  battery  thus  disposed  may  be  kept  in  operation 
for  three  weeks,  or  a  month,  and  sometnnes  longer. 

When  this  battery  is  working,  the  eopper  of  the  decom- 
posed snlpluite  is  deposited  npon  the  copper  of  the  vessel, 
which  thus  increases  in  weight  and  in  vabie*  The  zinc 
is  slowly  dissolved  in  the  solution  of  common  salt,  and 
forms  a  donble  chloride  of  sodinm  and  zine,  of  no  value. 

\^'hen  two,  or  a  greater  number,  of  Daniell's  elements 
are  to  be  coupled  to  form  a  battery,  the  zinc  of  the  first 
element  is  connected  with  the  copper  of  the  second  ele- 
ment by  means  of  a  well-eleansed  metallic  ribbon  or  wire^ 
then  the  zinc  of  the  second  with  the  copper  of  the  third, 
and  so  on,  until  the  whole  apparatus  (Fig.  33)  presents 
at  one  end  a  copper  vase,  and  at  the  other  a  zinc  plate, 
imconnected,  A  metallic  wire,  or  ribbon,  connects  the 
anode  with  the  free  copper  end,  and  a  similar  wire  is 
attached  to  tlie  zinc  end  and  supports  tlie  cathode  or 
objects  to  I>e  electro-plated. 

Fi-.  33. 


The  battery  uf  Daniell  is  susceptible  of  many  motUfi- 
cations.     One  of  these  is  shown  in  Figs.  34  and  35.     In 
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this,  the  copper  solution  is  placed  in  the  porous  cups,  from 
each  of  which  proceeds  a  copper  rod  with  a  perforated 


Fig.  34. 


Fig.  35. 


==^ 


plate  supporting  crystals  of  sulphate  of  copper.  Sur- 
rounding each  porous  cup  is  a  cylindrical  plate  of  zinc 
immersed  in  acidulated  water  or  solution  of  common 
salt,  contained  in  a  cup  of  stoneware  or  glass. 

In  another  modification,  much  used  by  electro-gilders 
of  watch-  and  clock-works,  and  for  telegraphic  purposes, 
each  element  is  composed  of — 

1.  A  cylindrical  vase  of  stoneware,  glass,  or  porcelain 
(Fig.  36); 

2.  A  cylinder  of  zinc  to  which  is  soldered  or  riveted  a 
ribbon  of  copper  (Fig.  37) ; 

3.  A  porous  cell  of  baked  clay  (Fig.  38) ; 

4r.  A  glass  balloon  with  a  short  neck,  filled  with  crys- 
tals of  sulphate  of  copper,  and  closed  with  a  cork  perfo- 
rated with  two  holes,  or  having  two  notches  cut  on  the 
surface  along  its  length  (Fig.  39). 

These  various  parts  are  united  in  the  following  manner 


The  copper  ribbx)ii  of  the  zinc  of  the  first  element  dips 
to  the  bottom  of  the  porous  cup  of  the  next  clement  in 
such  a  manner  that  when  several  elements  are  connected 
there  will  be  at  one  end  a  free,  ribbon  of  the  last  zinc 
plate,  and  at  the  other  end  a  free  ril>I>on  extending  from 
the  bottom  of  tlie  kst  porous  cup  (Fig.  40),  Then,  the 
porous  cell  and  the  stoneware  jar  are  filled  to  the  same  j 
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level  with  water.  The  balloon  containing^  the  eiystallized 
6iil]>hate  of  copper  receives  as  ranch  water  as  it  can  hold, 
and  the  notched  cork  being  put  in  place,  the  balloon  is 
quickly  inverted  with  its  neck  in  tlie  water  of  the  porons 
cell.  The  battery  is  ready  to  work  twenty-four  hoin^s 
after.  The  ribbon  of  the  zinc  end  is  attached  to  the  con- 
ductor which  snpjwrts  the  objects  to  be  electroplated, 
and  that  of  the  other  end  of  the  cell  is  connected  with 
the  anode.  Fig.  41  shows  a  vertical  section  of  a  single 
cell  of  the  kind  just  described  ;  and  Fig.  42  represents  a 
battery  of  three  such  cells. 


FiiT.  42. 


^ 


--1^7: 


^ 


Tliis  form  of  the  iJaniell  Ijuttery  operates  us  follows: 
tlie  copj>er  sulphate  contained  in  tlie  balloon  dissolves  in 
the  water  surrounding  it,  and,  as  this  sahne  solution  is 
denser  than  water,  it  descends  into  the  ]x»rons  cells 
through  one  of  the  notches  of  the  cork,  while  at  the 
8ame  time  an  equal  volume  of  the  lighter  water  ascends 
through  the  other  notch  of  tie  cork.     In  this  manner 
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the  sulphate  of  copper  in  this  balloon  is  gradually  dis- 
solved^ and  a  constant  current  is  established,  the  denser 
liquid,  more  heavily  charged  with  sulphate  of  copper,  de» 

Hcending  through  one  notcli  of  tlie  cork,  whih^  the  lighter 
liquid  ascends  through  the  other.  Simultaneously  with 
the  closing  of  the  circuit,  chemical  action  sets  in*  The 
sulphate  of  copper  is  decomposed,  the  snlphuric  acid 
passes  through  the  porous  cup  by  exosraose,  and  acts  upon 
the  zinc  in  the  outer  vessels,  aud  eopjjer  is  deposited  upon 
the  copper  bands  in  the  porous  cups,  which  are  connected 
by  conductors,  as  above  described,  with  the  zincs* 

In  order  that  this  battery  may  work  regularly  for  six 
or  seven  months,  it  is  only  necessary  to  replace  the 
evaporated  ^vater.  The  balloon  should  be  large  enough 
to  contain  at  least  several  pounds  of  sulphate  of  copper 
crystals,  and  the  zinc  cylinders  should  be  from  7  to  8 
inches  in  height  and  from  4  to  5  inches  in  diameter. 
The  zinc  shoidd  be  amalgamated,  in  which  case  the 
action,  though  a  little  slow  at  the  start,  is  more  regular 
afterwards.  The  copper  ribbon  receives  all  the  metal 
of  the  decomposed  sulphate,  and  it  sometimes  happens  fl 
that  part  of  the  copper  becomes  deposited  on  the  bottom 
of  the  porous  cell,  from  which  it  may  be  removed  by 
aqua  tbrtis.  When  all  the  sulphate  of  copper  is  used 
X{\h  the  balloons  are  filled  with  a  fresh  quantity  of 
crystals  and  m^w  copper  riblions  insc*rted  to  take  tin* 
place  of  those  rendered  too  voluminous.  This  variety 
of  battery  is  in  extensive  use,  and  properly  so,  fi»r  tele- 
graphing and  electric  signalling.  If  gilders  wTre  will- 
ing to  employ  sucli  batteries,  with  elements  siifficiently 
large  and  numerous,  they  could  dispense  with  acid  bat- 
teries which  reqxiire  fresh  charging  every  day;  but,  w^he- 
ther  riglit  or  wrong,  they  still  prefer  tin*  Bunseu  battery, 
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which,  while  much  less  bulky,  is  more  energetic  in  its 

action. 

If  it  be  desired  to  start  this  form  of  the  Daniell  battery 
at  once,  it  is  suflScient  to  add  a  small  quantity  of  sulphuric 
acid  or  of  common  salt  to  the  water  in  which  the  zinc  is 
immersed. 

Bunsen^s  Battery, 

The  Bunsen  battery,  which,  like  the  Daniell,  is  suscep- 
tible of  many  modifications,  is  shown  in  its  usual  form 
below.  It  consists  of  an  outer  vessel  of  stoneware  or 
glass,  Fig.  43,  which  is  half  filled  with  diluted  sulphuric 

Fig.  43.  Fig.  44.  Fig.  45. 


acid  (about  ^  acid).  In  this  is  placed  a  cylinder  of 
amalgamated  zinc,  furnished  with  a  brass  binding  screw 
(Figs.  44  and  45)  where  a  single  cell  is  employed  or 
where  it  forms  one  of  the  terminals  of  a  battery,  or  with 
a  copper  band  (Fig.  46)  where  connection  must  be  made 
with  another  couple.  Within  this  comes  a  porous  cup  of 
baked  clay  (Fig.  47),  and  within  this  diaphragm  again,  a 
prism  of  gas-carbon  (Fig.  48),  with  binding  screw  of  one 
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or  the  other  of  \he  sevenil  forms  shown  in  Figs*  49  to 
52,  accortiiug  as  it  is  to  form  the  terminal  of  the  battery. 


Fig,  46. 


Fig.  47. 


Fig.  48, 


or  to  l)e  united  witli  the  band  of  a  zinc  of  the  adjacent 
element.     Fig.  53  shows   the  binding  screw  of  a  zinc 

terminal. 


Fig.  49.  Fig.  50.  Fig,  51.  Fig.  52. 


Fig.  53. 


The  wire  conductors  of  copper,  for  greater  precaution, 
should  be  in«5ulated  by  a  covering  of  cotton^  silk,  caout- 
chouc or  gutta  percha,  and  their  extremities  alone  should 
be  denuded  of  tlieir  insulating  covering  to  permit  of  mak- 
ing the  necessary  metfdHc  connections. 

The  carbon  having  been  phiced  in  the  diaphragm,  this 
is  filled  with  strong  nitric  acid,  the  proper  connections 
made  as  before  indicated,  and  the  battery  is  ready  for  use. 

Coupling  a  Number  of  Cells, 

When  several  elements  are  to  be  connected,  they  are 
placed  near  each  other,  tliough   without  toucliing,  and 
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the  first  carbon  is  left  free  for  the  attachment  of  the  wire 
conductor  of  the  anode.  The  ribbon  or  band  of  the  first 
zinc  is  bent  over  and  clamped  be- 
tween the  jaws  of  the  brass  bind-  Fig.  54. 
ing  screw  and  the  carbon  of  the 
second  element,  and  so  on,  in  such 
a  manner  that  the  terminals  of  the 
battery  will  be,  at  one  end  a  free 
carbon,  and  at  the  other  an  inde- 
pendent zinc.  This  zinc,  for 
greater  convenience,  is  furnished 
with  a  double  binding  clamp  such 
as  is  shown  in  Fig.  53,  from  the 
upper  binding  post  of  which  pro- 
ceeds the  conducting  wire,  estab- 
lishing connection  with  the  objects 
to  be  electro-plated. 

Fig.  54  represents  a  vertical  section  of  a  single  cell 
of  this  description;  and  Fig.  55  a  coupled  battery  of 
three  cells. 

Fig.  55. 
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Roseleiir  prefers  the  use  of  a  small  quantity  of  his  amal- 
gamating salt  (the  formula  of  which  is  given  further  on), 
as  an  addition  to  the  sulphuric  acid  in  the  outer  vessel  in 
which  the  zinc  is  placed,  to  the  usual  method  of  amalga- 
luating  with  mercur\'  direct,  since  the  salt  only  affects 
the  zinc  below  the  liquid,  and  the  risk  of  rendering  the 
metallic  connections  l>rittle  is  thereby  obviated. 

The  ordinary  usage,  however,  is  to  provide  a  wooden 
trough  sufficiently  large  to  rest  one  of  the  zincs  in  it,  to 
place  some  mercury  in  the  bottom  of  the  trou'glu  and 
cover  it  with  a  small  quantity  of  diluted  svdphuric  acid. 
By  laying  the  zincs  successively  in  this  trough  and  turn- 
ing them  around,  so  that  all  parts  of  them  shall  in  turn 
come  in  contact  with  the  mercury,  they  are  rapidly  and 
perfectly  coated  with  the  metal. 

Bringing  Batteries  into  Action, 

The  liattery  will  generate  an  electrical  current  as  soon 
as  the  circftii  is  closed ;  that  is  to  say,  as  soon  as  the  tw*o 
extremities  of  the  conducting  wires  proceeding  re$i>ectively 
from  the  last  zinc  and  the  last  carbon  of  the  battery,  are 
brought  into  ek*ctrical  communication,  which  may  be 
either  by  cUrect  contact  of  the  wires,  or  through  the  inter- 
mediation of  a  bath  or  liquid  conductor  of  any  descrip 
Hon*  It  will  often  hap]>en  that  a  battery  which  appears 
to  be  properly  set  up,  will  not  w^ork.  On  examination, 
this  will  generally  be  found  to  be  due  eitlier  to  the  juts- 
ence  of  foreign  substances  (oxide)  preventing  clean  metallic 
contacts^  or  to  improper  connections  in  setting  up,  and 
the  like.  Diffic*ulties  from  these  causes  disappear  on  re- 
moving the  cause. 

Beiore  using  a  battery,  it  is  always  necessar)  to  test  its 
working  condition.  For  this  purpose,  the  end  of  the  nega- 
tive wire  should  be  brought  in  contact  with  the  terminal 
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carbon,  when,  if  the  battery  is  working  properly,  a  spark 
should  be  seen  at  the  instant  contact 'is  made.  A  similar 
experiment  made  with  the  positive  wire  should  produce 
the  same  result.  A  simpler  plan  is  to  rest  the  ends  of  the 
terminal  wires  a  short  distance  from  each  other  upon  a 
piece  of  battery  carbon  or  upon  a  file,  and  then  to  scrape 
with  one  wire  over  the  surface  while  the  other  remains 
in  contact.     Numerous  sparks  should  immediately  appear. 

When  one  element  of  a  battery  is  wrongly  put  up,  the 
defect  may  be  located  by  successively  presenting  the  end 
of  the  negative  wire  to  the  carbon  of  each  element.  That 
which  does  not  produce  a  spark  belongs  to  the  defective 
element. 

A  common  cause  of  the  stoppage  of  the  current  is  an 
excessive  porosity  of  the  porous  cells.  ^  This  will  generally 
be  indicated  by  the  deposition  of  a  whitish  coating  of  zinc 
salt  upon  the  surface  of  the  carbons,  which  speedily  checks 
the  flow  of  the  current.  When  this  defect  is  observed, 
it  is  necessary  to  substitute  a  fresh  porous  cell  for  the 
defective  one,  and  to  thoroughly  remove  the  deposit  from 
the  carbon  by  scraping.  This  state  of  things  is  generally 
observed  only  after  the  battery  has  been  working  for 
several  days  without  renewal  of  the  liquids,  or  when  the 
same  has  been  too  strongly  acidulated. 

It  may  also  happen  that  the  battery  will  cease  working 
from  too  great  an  accumulation  of  sulphate  of  zinc,  which, 
when  the  solution  becomes  saturated,  crystallizes  upon  the 
zinc,  and  prevents  any  further  action.  The  acid  solution 
is  then  removed,  a  fresh  one  substituted,  and  the  zine 
cleaned  and  returned.     Rolled  Anc  is  preferable  to  cast. 

.  Keeping  the  Battery  in  Order. 

Every  twenty-four  hours,  and  sometimes  oftener,  the 
losses  of  the  battery  must  be  made  good  by  adding,  with- 
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out  taking  the  elements  apart,  a  quantity  equal  to  about 
two  teaspoonluls  of  amalgamating  salt  and  about  two 
tablespoonfuls  of  sulphuric  acid  to  the  liquid  of  the  ©uter 
vase  in  which  the  zincs  are  placed,  and  stirring  with  a 
glass  rod.  Nitric  acid,  to  Replace  that  evaporated,  is  put 
into  the  porous  cell.  This  manner  of  operating  may  be 
kept  up  for  live  or  six  days,  after  which  it  will  be  neces- 
sary to  take  the  battery  apait,  to  empty  out  the  old  liquors 
and  to  recharge  afresh. 

We  may  conveniently  introduce,  at  this  point,  the  ao- 
companying  table  (after  Ferrini)  exhibiting  the  electro- 
motive force  of  a  number  of  the  better  known  forms  of 
batteries,  which  may  be  useful  for  comparison.  Several 
of  the  forms  of  batteries  named  in  the  table,  notably 
those  of  Grove,  Smee,  and  Leclanch^,  will  be  found 
described  in  detail,  farther  on. 
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TABLE  OF  THE  ELECTROMOTIVE  FORCE  OF  BATTERIES. 
(After  Ferrini.) 


Name  of 
element. 


Conttitation. 


Electro-motive 
force  lu  Volts. 


Wollaston 


Smee 


Dauiell 


Amalgamated  zinc  and  cop-  < 
I    per    in    dilute   sulpliuric 
I    acid  (1  :  12)  I 


Amalgamated  zinc  in  sul-  ; 
pliuric    acid ;    platinized 
silver,  or  platinum  in  sul-  | 
phuric  acid  (1  :  12) 

Amalgamated  zinc  in  sul- 
phuric acid  (I  :  4)  ;  cop- 
per in  saturated  solution 
of  copper  sulphate  I 


do. 
Leclancb^ 

do. 

Marie  Davy 

Grove 

do. 

Bnnsen 

do. 

do. 

Grenet 


Zinc  in  dilute 
acid  (1  :  12) ; 
above 


sulphuric 
copper  as 


f  0.886 
\  0.861 
i  0.719 

r 1.098 
J  1.107 
1  0.541 
L  1.192 

r 1.079 
do. 
do. 

,  do. 

f  0.978 
U.98 


Zinc  in  sal-ammoniac,  car- 
bon with  manganese  per- 
oxide in  sal-ammoniac 


Zinc  in  solution  of  common 
salt ;  carbon  with  man- 
ganese peroxide  in  com- 
mon salt  solution 

Zinc  in  dilute  sulphuric 
acid  (1  :  12)  ;  carbon  in 
mercurous  sulphate 


Zinc    in   dilute   sulphuric 
'    acid  (1  :  12) ;   platinum  i 
,    in  fuming  nitric  a^id         i 

Zinc  as  above;  platinum  in  ; 
nitric  acid  of  1.38  sp.  gr. 

'  Zinc  as  above ;  carbon  in  < 
!    fuming  nitric  acid  I 

Zinc  as  above ;  carbon  in  i 
I    nitric  acid  of  1.88  sp.  gr.   | 


Zinc  as  above ; 
bichrolnate  of 


carbon  in  ! 
potassium  , 


^  Zinc   and    carbon    in    bi- 
chromate of  potassium      ' 


f  1.524- 
1.542 
.482 
440 


ii^ 


1.956 


j  1.524 
\  1.542 

»  1.964 
11.95 


941 

880 


[  2.028 

1.905 

[2.120 

1.825 


Anihoiitj. 


Clark  and  Sabine. 

Sprague. 

De  la  Rive. 

Clark  and  Sabine. 
Sprague. 
De  la  Rive. 
Naclari. 

Clark  and  Sabine. 
Sprague. 
De  la  Rive. 
Naclari. 

Clark  and  Sabine. 
Du  Moncel. 


Clark  and  Sabine. 
Sprague. 
De  la  Rive. 
Beetz. 

Sprague. 
I^aclari. 
Du  Moncel. 


Clark  and  Sabine. 
Sprague. 
Naclari. 
Du  Moncel. 

Clark  and  Sabine. 


Clark  and  Sabine. 
Sprague. 

Clark  and  Sabine. 
Du  Moncel. 

Clark  and  Sabine. 

Beetz. 

Naclari. 

Clark  and  Sabine. 

Sprague. 

Naclari. 

Naclari. 
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Although  amalgamated  zinc  is  scarcely  corroded,  even 
in  a  very  acid  sohition,  when  the 


Fig.  56. 


circuit  is  not  closed,  that  is  to  say,  ^M 
when  tile  twc)  poles  are  not  clec-  ™ 
trically  connected  by  direct  con- 
tact, or  tlirough  a  conducting  li- 
quid, it  is  nevertheless  preferable 
to  take  the  batteries  apart  every 
evening,  which  should  be  done  in 
the  following  manner  :■ — 


1.  All    the  bhiding  screws  are 
loosened,  and,  if  necessary,  cleaned. 

2.  The    carbons   are   removed, 

and,  iviiJtoui  icaslnng,  depositt*d  in 
a  vessel  especially  provided  for 
them. 

3*  The  porous  cells  are  removed, 
and  their  acid  poured  into  a  si>ecial  vessel  The  cells  are 
tiot  iCi0he(L 

4.  The  zincs  are  removed  from  acidulated  water,  and 
simply  placed  in  an  inclined  position  upon  the  edges  of  the 
stone-ware  jars  as  show^n  in  Fig.  56.  To  set  up  the  bat- 
tery agani,  these  operations  are  performed  in  reverse 
tirder. 

Impm*titnt  OhservaUons  on  Batteries, 

It  is  prudent  to  have  a  duplicate  set  of  cells,  or,  at 
least,  a  supply  of  those  parts  which  are  easily  broken, 
^    Batteries  should  be  kept  in  a  place  w^here  the  temper- 
atiu-e  does  not  greatly  vary,  as  cold  arrests  their  action,' 
and  extreme  heat  increases  it  too  much,  and  lessens  their  j 
f  constancy. 

Where  it  is  possible,  they  should  be  placed  in  a  box ' 
or  other  receptacle  about  as  deep  as  the  height  of  the 
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jars,  so  that  they  may  be  readily  manipulated.  They 
should  not,  however,  be  placed  above  the  depositing  vats, 
for  the  reason  that,  shoidd  any  of  the  mercurial  solution 
be  spilled  in  handling  the  nips,  it  may  run  down  the 
uires  into  the  metallic  baths,  and  contaminate  them. 
This  box  or  closet  should  have  means  of  ventilation,  in 
such  a  H^y  that  the  air  coming  in  at  the  lower  part,  will 
escape  at  the  top  through  a  flue,  and  carry  away  with  it 
the  acid  fumes  constantly  disengaged. 

It  is  well,  when  possible,  to  keep  the  batteries  in  an 
apartment  separate  from  the  operating  room,  where  the 
depositing  vats  and  the  metals  to  be  treated  are  located, 
for  the  reason  that  these  are  nlways  injuriously  affected 
by  the  acid  vapors  given  off.  The  cunent  is  then  con- 
ducted into  the  work-room  by  wires  passing  through  holes 
in  the  wall,  and  covered  witli  gutta-percha. 

It  is  permissible  to  establish  branch  circuits,  by  leading 
branch  conductors  from  the  main  conductors,  for  the  pur- 
pose of  operating  several  baths  with  the  stime  l)attery, 
either  at  the  same  time  or  alternately.  But  it  is  prefer- 
able to  appropriate  a  separate  battery  to  each  nietallic 
solution,  Ijecause,  of  two  baths  thus  connected,  that  which 
(iimishes  the  lM:*tter  conductor  will  take  nearly  all  the 
current. 


I 


Grove's  Battery. 

riiis  battery  is  analogous  to  that  of  Bunsen,  and 
differs  from  it  only  in  having  a  strip  of  platinum  foil 
which  plunges  into  the  nitric  acid,  and  replaces  the  prism 
of  carbon-  This  foil  is  supported  by  a  small  brass  arm 
(Fig.  57)  attached  in  turn  to  a  round  band  fitting  on  a 
collar  at  the  top  of  the  outer  cup.  This  arm  is  provided 
with  a  binding  screw  of  brass,  soldered  to  its  upper  part, 
when  several  couples  arc  to  be  united.     Fig.  58  shows  a 
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The  only  objection  to  this  battery  is  its  high*  cost,  dm* 
to  the  platinnni  employed.  Mr.  Hiilot  has  proposed  to 
substitute  a  foil  of  aluminium  for  that  of  platinum.  In 
spite  of  this  substitiition,  however,  the  price  is  still  too 
hi^h,  and  prevents  the  extensive  use  of  the  battery,  which, 
otherwise,  gives  satisfactory  results. 

We  may  mention,  among  batteries  having  some  analogy 
with  that  of  Bunsen — 

1.  The  Grenct  battery,  in  which  a  solution  of  100  j>arts 
of  water,  10  of  bichromate  of  potassa,  and  10  of  sulphuric 
acid  in  the  porous  cell,  replaces  the  nitric  acid  employed 
by  Grove  and  Bimsen,  This  battery  does  not  emit  acid 
fumeK,  but  this  advantage  docs  not  compensate  for  tht* 
rapid  incrustation  of  the  carbon  with  oxide  of  chromium, 
wliic^h  quickly  arrests  the  galvanic  current. 

2.  The  Marie-Uavy  batter)',  in  which  sulphate  of  mer- 
cury* slightly  damp,  replaces  the  nitric  acid  in  the  porous 
cell  The  working  expenses  of  this  liattery  are  very  high, 
and  it  is  used  only  in  the  telegraphic  service,  and  there 
but  little,  the  jireference  being  given  to  the  Daniel! 
battery  with  baUoon,  previously  described,  or  to  the 
L6clanche  battery,  which  will  be  described  further  on. 


Sm€e*8  Battery, 

This  battery  is  very  simple  in  construction,  requires 
ouly  one  liquid,  easily  procurable  ever) where,  and  does 
not  emit  any  smell  or  acid  fumes.  All  these  advantages 
idapt  it  especially  to  the  needs  of  provincial  electro-platers 
id  jewellers  who  often  practise  their  gilding  and  silvering 
operations  in  their  work-rooms. 

It  is  composed  (Fig.  60)  of  a  rectangular  wooden 
frame,  of  moderate  thickness,  open  at  the  top,  with  three 
internal  parallel  grooves,  parallel  to  its  longest  diameter, 
Tlie  middle  groove  receives  a  plate  of  silver,  platinum, 
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gold,  or  copper  which  has  been  strongly  gilt^  Bilvered,  or 
platinized.  The  surfaces  of  this  plate  should  be  rougli 
or  matt.  Two  plates  of  strongly  amalgamated  zinc  are 
placed  in  the  other  two  grooves,  each  presenting,  there- 


Fig.  60. 


i^ 


A 


fore,  one  of  its  fiices  to  the  central  plate.  They  should 
be  placed  at  a  very  slight  distance  from,  but  not  in  con- 
tact with,  the  central  plate  which  they  inclose,  and  should 
be  connected  with  each  other  by  a  metallic  wire  or  ribbon. 
The  positive  wire  proceeds  from  the  central  plate,  and 
the  negative  from  any  point  of  tlie  zincs,  and  the  wliole 
apparatus  is  immersed  in  a  solution  containing  common 
salt,  or  in  water  acidulated  with  one-tenth  of  sulphuric 
acid.  Several  of  such  elements  may  be  united  together 
by  connecting  the  zinc  of  tlie  first  with  the  central  plate 
of  the  sc^cond,  and  so  forth.  This  battery,  tlierefore, 
operates  with  a  single  liquid  and  wntliout  diajjliragm  or 
porous  cell. 

Roseleur  has  modified  this  batte^ry  in  the  following 
manner:  In  place  of  the  w^ooden  ihime  he  provides  a 
trough  of  gutta-perclui,  The  two  narrow  sides  (Fig.  61) 
have  three  parallel  grooves  half  an  inch  deep,  and  about  a 
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screw,  for  the  positive  wire,  is  attached  to  the  plate  of 
carbon  where  the  two  zinc  comers  have  been  cut  away, 

and  another  larfi^e  binding  -  stTcw  unites  the  two  zinc 
plates,  and  carries,  at  the  same  time,  the  nej^ative  wire. 

This  battery  will  work  by  fillinfi^  the  cell  with  water 
saturated  with  common  salt,  or  acidulated  with  one-tenth 
of  sulphuric  acid.  It  is  evident  that  batteries  of  several 
elements  may  be  disposed  (Fig.  (U)  by  arranging  them 
like  the  ordinary  Smee  battt^ries,  from  which  they  differ 
but  slij^htly. 

When  acididated  water  is  employed  as  the  excitant, 
the  addition  of  amalgamating  salt  is  recommended  to 
keep  the  zincs  in  good  condition,  and  to  avoid  the 
disengagement  of  hydrogen  gas;  if,  on  the  contrary,  a 
saturated  solution  of  common  salt  is  used,  no  amalgam  is 
necessary. 


4 


The  Lechtnthe  Batten/. 

Within  tlic  past  few  jears,  a  new  order  of  battery  has 
been  developed,  which  combines  to  a  high  degree,  in  its 
operation,  all  the  desirable  conditions  of  economy,  inotfen- 
siveness,  and  constancy. 

Like  the  Daniell,  these  batteries  operate  without  acid, 
they  evolve  neither  gases  nor  vapors,  and  they  maintain 
their  activity  for  more  than  a  year,  requiring  no  other 
attention  than  to  replace  the  water  as  it  evaporates.  They 
have  the  advantage  over  the  Daniell,  of  requiring  only  a 
single  exciting  liquid,  of  consuming  very  little  zinc,  and 
of  not  giving  rise  to  objectionable  crystallizations,  which, 
in  time,  clog  up  the  porous  cup  and  interrupt  the  current. 

As  an  offset  to  all  these  advantages,  it  is  proper  to 
state,  that  the  Leclanclie  battery  is  much  less  ]>owerful 
(with  equal  surface)  than  the  battery  of  either  Bunsen, 
Archercau,  or  of  Gro\'e,  uhich  require  the  use  of  acids, 
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and  which,  when  the  circuit  is  closed,  depolarize  them- 
selves very  rapidly,  and  which  consequently  require  to  be 
frequently  recharged. 

The  battery  here  referred  to,  though  insufficient  for 
the  requirements  of  the  great  workshops  where  the  work 
is  incessant,  will,  nevertheless,  be  very  serviceable  to 
provincial  jewellers  and  platers,  and  to  the  gilders  of 
watch  movements,  who  only  occasionally  need  the  bat- 
ter)', or  who,  on  account  of  the  smallness  of  the  surfaces 
of  the  objects  they  need  to  gild  or  silver,  require  only  a 
fi*eble  and  sluggish  current. 

I.eclanch6  constructs  his  battery  as  follows : — 

1st.  The  exterior  vessel  is  of  glass,  is  rectangular  in 
shape,  thus  permitting  the  battery  to  be  disposed  in  the 
smallest  possible  space,  the  adjacent  vessels  fitting  snugly 
the  one  against  the  other.  This  exterior  vessel  is  pro- 
vided with  a  cylindrical  neck,  prolonged  at  one  side  after 
the  fashion  of  a  spout.  This  serves  as  a  convenience  in 
filling  or  emptying  the  vessel  of  liquid,  and  for  the  recep- 
tion of  a  rod  of  zinc. 

2d.  A  rod  of  zinc,  rolled  or  cast,  which  passes  through 
the  spout  just  spoken  of,  to  the  bottom  of  the  vessel  (this 
zinc  may  be  amalgamated).  It  is  provided  with  a  wire 
conductor  covered  with  gutta-percha  except  at  its  extremi- 
ties. 

3d.  In  the  centre  of  the  glass  vessel  there  is  a  dia- 
phragm or  porous  cup  in  which  there  is  permanently 
fixed  a  strip  of  gas  carbon,  with  a  metal  piece  carrying  a 
binding-screw  at  the  top,  soldered  to  the  carbon  by  means 
of  lead  poured  into  the  joint.  Into  the  empty  space  left 
between  the  wall  of  the  porous  cup  and  the  carbon  strip 
there  is  solidly  pressed  a  mixture  of  equal  parts  of  wood 
charcoal  and  binoxide  of  manganese,  both  finely  pulver- 
ized ;  and,  as  this  portion  of  the  cell  should  serve  for  an 
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almost  indefiaite  pericd,  the  mixture  in  the  porous  cup  is 
covered  with  a  species  of  resinous  mastic,  which  covers 
up  the  powder,  and  intimately  unites  the  carbon  and  the 
diaphragm.  It  is  only  necessary  to  leave  a  verj  small 
opening,  say  alx)iit  a  quarter  of  an  inch,  in  this  mastic  in 
order  that  the  liquid  of  the  battery  may  be  able  to  gain 
access  to  it.     The  metallic  cap  at  the  top  of  the  carbon 

Fig,  65. 


^- 


i,|i 


strip  is  likewise  covered  with  this  varnish  except  at  the 
binding-scrt^ws*  Fig,  65  gives  a  very  good  idea  of  the 
appearance  of  this  battery,  which  is  charged  with  the 
following  simple  sokition : — 


Ordinary  water 
Sul  jimmoninc 


1000  jiarls 
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If  a  more  concentrated  solution  of  sal  ammoniac  is 
used  than  that  indicated  above,  the  double  chloride  of 
ammonium  and  zinc  which  is  formed  by  the  action  of  the 
battery,  will  crystallize  on  the  rod  of  zinc,  and  by  inter- 
fering with  the  action  of  the  liquid,  interrupt  the  current. 

It  is  sufficient;,  once  in  about  two  weeks  or  once  a 
month,  to  add  a  little  water  to  each  of  the  cells,  to  replace 
that  lost  by  evaporation. 

When,  in  the  course  of  time,  it  is  found  that  the  bat- 
tery ceases  to  give  a  current,  when  the  sal  ammoniac 
solution  is  used  up,  or  the  zincs  have  become  incrusted 
and  inert,  the  battery  is  taken  apart,  the  zincs  are  washed 
and  scraped  clean  with  an  old  knife  or  other  convenient 
tool.  Having  thus  removed  from  the  zincs  the  coating 
of  double  chloride  which  incrusted  them,  and  which  the 
sal  ammoniac  could  not  penetrate,  it  is  sufficient  to  couple 
the  elements  anew,  and  to  refill  the  vases  with  the  sal 
ammoniac  solution.  It  is  also  necessary  from  time  to  time 
to  look  after  the  cleanliness  of  the  binding-screws.  Lastly, 
if  the  leaden  top  of  the  carbon  loses  its  resinous  coating, 
it  becomes  necessary  to  re-varnish  it,  without  which  pre- 
caution it  will  become  covered  with  a  coating  of  white 
chloride  of  lead,  and  rapidly  destroyed. 


CHAPTER  IX. 

DYNAMO-ELECTRIC  MACHINES. 

The  art  of  electro-plating  has  received  a  great  impulse 
within  the  past  decade  by  reason  of  the  great  improve- 
ments that  have  within  this  period  been  made  in  the 
construction  of  dynamo-electric  machines,  by  which  me- 
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ciianical  energy,  generated  by  the  steam-engine  or  other 
convenient  source  of  pouer,  may  be  directly  converted 
into  electrical  energy.  The  advantages  of  these  machines 
as  the  source  oi*  electric  current  over  the  voltaic  batteries 
just  described  are  nnmerous  and  decided.  The  latter,  at  the 
very  best,  are  troublesome  to  manage ;  they  only  give  out 
their  full  power  wheu  freshly  charged,  and,  as  the  chemical 
actions,  upon  wbicli  they  rely  for  their  power,  progress, 
tliey  deteriorate  in  strength  and  require  frequent  additions 
of  acids  or  salts,  or  to  be  freshly  charged ;  and  their  use 
demands  constant  viligance  and  attention.  From  these 
and  otlier  ohjectionable  features  the  djiiamo-electric  ma- 
chine is  almost  entirely  exempt.  The  source  of  power  is 
imder  such  control  that  electrical  currents  of  any  desired 
strength  may  be  instantly  generated  by  simply  throwing 
on  a  belt,  and  maintained  with  practically  perfect  uni- 
formity for  hours  at  a  time.  The  amount  of  attention 
reciuired  in  its  operation  is  infinitesimal  as  compared 
with  the  constant  watchfidness  demanded  by  the  battery, 
i-endering  the  niacliiue  vastly  more  convenient  to  use, 
and  the  rapidity  with  which  large  quantities  of  metal 
may  be  deposited  with  the  machine  with  a  comparatively 
small  comsumption  of  mechanical  jK>wer  renders  it  a 
much  more  economical  source  of  electrical  current.  The 
importance  of  adapting  machines  of  this  class  for  the 
work  of  electrotypin*if  and  electro-plating  has  been  steadily 
kept  in  mind  by  successiv^e  inventors,  and  the  result  has 
been  the  production  of  plating  machines  that  answer  so 
satisfactorily,  every  reasonable  requirement  of  the  electro- 
plater,  that  tf>day  there  is  scarcely  an  electro-plating 
establishment,  worthy  to  be  called  by  this  name,  in  the 
United  States,  that  has  not  discarded  the  voltaic  battery 
and  adopted  one  or  the  other  of  many  varieties  of  the 
dynamo-electric  machine  in  its  place.     As  a  surphis  of 
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steam  power  is  frequently  at  hand  in  all  the  larger  estab* 
lishnients,  for  driving  presses, lathes,  grinding  and  polishing 
wheels,  etc.,  the  few  horse-powers,  more  or  less,  taken  off 
by  one  or  several  plating  machines  is  an  item  tliat  scarcely 
makes  itself  ielt  in  the  expense  account.  It  would  be 
manifestly  out  of  place  in  a  work  of  this  character  to 
enter  into  a  lengthv  discussion  of  the  theory  and  action 
of  these  machines,  for  whicli  the  reader  is  referred  to 
special  treatises  on  the  subject.  We  shall  only  refer  to 
the  subject  in  connection  witli  a  brief  description  of  the 
several  more  prominent  machines.  In  all  these  machines 
the  currents  developed  in  the  armature,  by  its  rotation, 
flow  alternately  in  opposite  directions.  This  change  in 
the  direction  of  the  current,  wliile  not  unfitting  the  ma- 
chine for  certain  applications  of  electric  lighting,  would 
of  course  render  it  useless  for  the  purposes  of  electro- 
metallurgy, since  what  it  woidd  deposit  at  one  moment 
it  would  dissolve  at  the  next.  In  order,  therefore,  to 
rommute  these  alternating  currents,  that  is,  to  change 
them  into  direct  currents,  or  those  flowing  in  one  and 
the  same  direction,  appliances  called  commutators  are 
necessary. 

Djiiamo-electric  machines,  therefore,  may  be  divided 
into  two  classes,  viz,,  those  with  alternating,  and  thos** 
with  direct  currents. 

The  Wilde  machine, Fig.  6(i,  which  was  one  of  the  first,  if 
not  the  first,  to  be  applied  to  the  practical  use  of  electro- 
plating, consists  of  two  machines,  namely  an  excitor,  in  the 
form  of  a  magneto-electric  machine,  in  which  a  current  is 
generated  by  means  of  a  series  of  permanent  magnets,  and 
a  revolving  Siemens  armature.  'The  current  thus  gentn*ated 
in  the  excitor,  is  passed  around  a  large  electrn-mngnet, 
hetween  the  poles  of  which  a  large  armature  of  the  same 
-kind-  is  made  to  revolve.)    By  this  means  a  current  is 


use. 


would    appear 
(See  Gore, 
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Efectro-mefaUuTfjj/^  p.  34^0  As  to  the  efficiency  of  the 
Wilde  machine,  this  authority  states,  that  *'a  single  multi- 
ple armature  machine  of  Wilde^s  (at  the  smelting  works 
of  the  Messrs,  Elkington  &  Co.  at  Petnbrcy  near  Swansea) 
deposits  four  and  a  half  hundred-weights  of  copper  in  24 
hours.  The  machines  have  also  been  successfully  appHed 
to  the  economic  production  of  coppered  rollers  for  calico 
printing."     (Powder  consumed  not  stated*) 

An  important  step  in  the  simplification  of  these  machines 
was  taken,  when  it  was  discovered  that  the  exciting  appa- 
ratus could  be  dispensed  with,  and  that  the  slight  amount 
of  nesidual  magnetism,  remaining  in  the  electromagnet 
after  it  has  once  been  charged,  is  sufficient  to  induce  a 
current  in  the  armature,  which  may  be  made  in  turn 
to  excite  the  magnet^  and  this  in  turn  to  induce  a  still 
[)nger  current  in  the  armature;  this  mutual  reinforce- 
ment, known  technically  as  ^^  the  reaction  principle," 
going  on  until  the  point  of  magnetic  saturation  is  readied, 
beyond  %vhich  the  current  cannot  be  increased  except  by 
increasing  the  speed  of  the  machineJ 

In  endeavoring  to  apply  this  principle  to  the  constnic- 
tlon  of  machines  for  electro-plating,  a  serious  difficulty 
wa«  encountered  in  the  tendency  of  the  macliine  to  sufler 
a  reversal  of  its  polarity  by  reason  of  a  polarization  of  the 
electrodes  of  the  depositing  solution*  As  such  depositing 
solution  when  charged  and  properly  connected  plays  the 
part  of  a  battery,  tending  to  generate  a  current  flowing 
in  opposition  to  that  generated  by  the  machitie,  it  is 
olirioiis  that,  unless  some  means  of  prevention  were  dis- 
I  covered*  whenever  from  any  cause,  whether  by  an  accident 
[  or  by  stoppage,  the  electn>motive  force  at  tlie  electrodes 
became  greater  than  that  of  tlie  machine,  the  current 
from  the  bath  will  flow  back  through  the  field  magnets 
of  the  machine,  reversing  their  polarity.     ^^  hen  the  ma- 
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diine  is  started  agam,  the  direction  of  the  current  will 
consequently  be  reveRed>  and  the  result  will  be  to  strip 
the  metal  already  deposited,  from  the  work,  and  to  dt^ 
mAve  the  work  als-o,  if  the  difficulty  is  not  promptly  dis- 
covered and  remedied.  This  tendency  of  the  dynamo  to 
revense  has  been  a  sottiee  of  serious  annoyance  and  loss 
to  electro-platers,  and  much  ingenuity  has  been  expended 
by  inventors  in  devising  means  to  prevent  it, 

M.  Gramme,  a  French  inventor,  was  the  first  to  intro- 
duce a  sub^tantial  improvement  in  the  construction  of  the 
dynamo-electric  machine,  by  employing  the  idea  first  sug- 
gested by  I)r,  Pacinotti  of  Florence,  of  using  an  iron  ring 
as  a  revolving  electro-magnet,  which Jn  place  of  having 
fixed  revolving  poles,  had  poles  which  travelled  continu- 
ously through  the  whole  circumference  of  the  ring. 

The  Gramme  machine  in  one  of  its  many  forms  is  shown 
in  Fig.  67. 

The  essential  parts  of  this  machhie  are  the  annular  ar- 
mature of  soft  iron  surrounded  by  numerous  coils  of  in- 
sidated  copper  wire,  the  ends  of  which  are  suitably  joined 
to  the  separate  sections  of  the  commutator*  This  com- 
mutator, together  with  the  annular  armatiu^e  and  its  coils, 
is  attached  to  the  axis  of  the  machine,  and  revolves 
with  it  between  the  poles  of  an  electro-magnet.  Tlio 
machine  of  Gramme,  which  was  brought  out  iii  the  year 
1871,  was  so  great  an  advance  in  the  construction  of  this 
class  of  machines,  tliat  its  invention  may  ]iroperly  be  said 
to  have  originated  the  present  very  general  public  interest 
in  the  subject  of  electric  lighting,  and  to  have  given  the 
impetus  to  the  investigation  of  the  fipplications  oi  elec- 
tricity that  has  led  to  the  invention  ol'a  host  of  improve- 
ments upon  the  dynamo-clcctric  machine. 

To  start  his  machine  Gramme  resorts  at  first  to  a  pre- 
liminary magnetization  with  the  aid  of  a  chemical  battery. 
After  this  the  slight  residual  magnetism  retained  by  the 


electro-magnets  suifices  to  set  the  machine  in  action. 
lleporting  upon  this  machine,  the  Telegraphic  Journal^ 
(L  94)  (quoted  by  Gore,  Electrf>7netifUurgf/^  349  et  seq,^ 
1877)  has  the  following,  viz.,  ''  To  deposit  600  grammes 
of  silver  requires  one  horse-power  and  a  speed  of  300 
tunisi  pCT  minute:  the  tension  of  the  current  being  equal 
la  that  of  2  Bunsen  cells,  and  its  quantity  equal  to  32 
such  cells  of  ordinary  size.  At  a  speed  of  275  revolu- 
tions i>er  rninute  it  has  deposited  525  grammes  (16.87  oz, 
Troy)  of  silver  per  hour;  at  300  tunis.  6i>5  grammes 
(19.45  oz.);  and  at  325  tunis,  675  gramnies  (21.72  oz.). 
The  weight  of  the  copper  wire  on  the  fixed  electro- 
magnets was  135  kilogrammes  (297  pounds),  and  on  the 
movable  ones  40  kilogmmmes  (88  pounds)/'    The  same 
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journal  (ill  198)  (also  quoted  by  Gore,  see  ante)  giv 
the  following  additional  details,  viz. : — 

'*  The  present  form  of  the  machine  as  used  for  electro^ 
deposition  is  composed  as  follows 

Totn)  weight  . 

Copper  coils   - 

Toral  beigbt  . 

Total  width    . 

Deposits  silver  per  fioar . 

Power  required  lo  work  . 


117.5    kilogmmmes  (258^  lbs.). 
47,0  "  (103      "  ). 

0.6    metre  (  23.0  inches!). 

.55  metre  (  2K6      "     ). 

GOO.      grammes         (  19.3  oi.  Troy), 
50.       kilogram  met  res  (^=  .05  hor^* 


p<iwer)." 

Roseleur  quotes  from  the  Rerue  Industrielle  (1873)  an 
extended  notice  of  the  AVilde  and  Gramme  machines,  from 
which,  however,  we  abstract  simply  the  portion  relating 
to  the  comparative  performance  of  the  Gramme  and  Wihie 
machines  in  the  large  electro-plating  establishment  of  the 
Messrs*  Christofle,  in  Paris.  *^  The  three  following  cuts 
represent,  a  longitudinal  section  (Fig,  68),  a  plan  (Fig. 


Fig.  68. 
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69),  and  elevation  (Fig.  70)  of  the  special  form  of  the 
Gramme  machine  referred  to. 
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The  total  weight  ot  this  machine  is  460  kiloprrammes 
(1012  pounds).  The  wire  wrapping  on  the  stationary 
electro-magnets  weighs  13o  kilogrammes  (297  pounds). 
The  power  required  to  drive  it  when  working  normally 
is  about  one  horse-power;  the  speed  is  300  revolutions 
per  minute. 

The  tension  of  the  cun'ent  produced  is  equal  to  that 
*}f  2  ordinary  Bunsen  elements;  the  quantity  corresponds 
to  32  elements.  This  current  is  powerhd  enough  to  fuse 
an  iron  wire  of  0.003  m.  (about  I  inch)  in  diameter,  and 
0,30  m.  (about  12  inches)  in  length* 

The  collectors  of  the  currents  are  composed  of  a  great 
number  of  copix^r  wires  held  in  a  flat  sheath  which  gives 
them  tlie  shape  of  a  bmsh.  The  elasticity  of  these  brushes, 
while  giving  a  gentle  contact,  at  the  same  time  prevents 
any  interruption  of  the  continuity  of  the  circuit  that 
might  otherwise  be  caused  by  the  vibrations  of  the 
machine,  and  which  gives  rise  to  rapidly  destructive 
sparks  of  the  extra  current. 

The  tables  given  below  embody  the  results  of  compara- 
tive exijcriments  made  by  Messrs.  C'hristofle  &  Co.  with 
the  (jramme  and  Wilde  machines. 


GRAMME  MACHINE. 


1    Aug,  27 

8  I     *'    3» 

4       •*    30 


Sept, 


1.  =    - 

5 

c :.     * 

o 

"^^c^ 

o,t: 

■5 1  Sit^ 

'  5 

mJSri 

2| 

|»a^(i 

h.    m.  , 

kilo^jr. 

5,978 

7   m 

5.905 
n.973 
6.117; 


6    1.980  i 
0    l.«85 
2.614 


t.59B 
L540 


50 
50 

m) 

50 
45 
43 


3  35 
2  45 
a     40 


ll 

•I  « 

II 

It 

III? 

ai].in«itTi»»* 

kWoKt. 

kllogr. 

5.3550 

0.760 

0.143 

id. 

0.757 

0.141 

ki. 

o.im 

0.143 

Id. 

0.784 

0.U6 

3.5700 

0.707 

0.198 

Hi. 

0.T23 

0,303 

id. 

0.7^3 

0.203 

9.0775 

0.603 

0.225 

id. 

0.581 

0.317 

id. 

0.678 

0.216 

Rem  Ark  t 


Spcc^d  305  revoluiUms. 

6  batliB. 

Speed  300  reYolutions. 
Depoj^ii  good. 
4  bulhs. 

Sp^ed  30O  revnlutlrms, 
DefxiaitgrftQiilar. 
3  baUis, 
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WILDE  MACHINE* 


ih 

11 

a 

2 

II 

CO  4 

ill  iiJ? 

E^^mmtk; 

1    Sept  » 

3  ••      P 

^        **     10 

4  **     10 

klloff. 
1.481 
L144 
L481 
1.0S9 

h      m, 

3     JiO 
9     30 
8     05 
3     !t5 

2«775 

id. 
id. 
id. 

0.493    0,1,-58 
0.4.'>7*  0.170 
0  480    0.179 
0.47:i    0.176 

Speed  2400  rGvolittlona. 

It  is  scarcely  necessary,  in  connection  with  the  forego- 
ing figures,  to  dwell  or  the  disadvantages  of  excessively 
high  speeds.  It  need  only  be  said  tliat  a  speed  of  24(H) 
revolutions  per  minute  is  so  destructive  to  the  machine 
that  it  cannot  be  practically  maintained. 

On  the  other  hand,  the  nianipnlation  of  batteries  prc^ 
scnts  a  number  of  serious  difficulties;  it  is,  besides,  diffi- 
cult to  always  procure  acids  of  uniform  quality,  and,  con* 
sequently  to  obtain  a  current  of  uniform  intensity.  When 
to  all  this  we  add  that  the  cost  of  depositing  a  given 
weight  of  silver  is  considerably^  less  with  the  new  nuichine 
than  with  the  battery,t  the  reasons  that  induced  the 
house  of  Christofle  &  Co.  to  negotiate  with  the  Sociite 


♦   1  sc].  metrt!  =  10 J  ^i\,  fVet ;   1  kilojnrnimme  —  2.2  |io*md8. 

"j*  \\y  actual  coni|ian^oTi  of  the  relative  iimoimla  of  work  done  by 
iha  battery  and  by  the  magneto-electric  machines,  it  h«s  been  u«ceiv 
iairied  llial  for  equal  quurilities  of  rnetiil  liejrtjRiled  tlie  Gnimine  niarhlTie 
Id  nearly  eight  time^  more  ecouotnienU  and  the  Wilde  niMcbine  aljoiit 
font  iiine«  as  eeonatnical  aa  the  lottery.  It  is  |jrobable  that  with  t1i<? 
improvml  machines  now  in  usi*,  the  fi;fnres  of  eompralive  eeoiioniy 
m\\{  be  dtill  further  inerea^ied.  An  exhaustive  iSeries  of  experiments 
with  the  view  of  determiniug  the  actual  duty  of  a  number  of  these 
machines  would  be  v^ry  desirable.  At  the  pretiunt  lime  we  are  depen- 
d«*nt  for  this  information  on  the  statements  of  the  makers,  which  are 
liki*ly  to  diverge  somewhat  from  the  results  obtained  in  actual  practice. 
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des  Machines  Gramme^  for  the  use  of  so  remarkable  a 
machine,  are  apparent" 

The  Gmnime  maehine  is  a  very  efficient  one,  and  m 

various  modifications  is  extensively  nsed  in  Europe,  and 
to  some  extent  in  the  United  States,  for  electric  lighting 
and  electro-plating.  The  macliines  about  to  be  described, 
however,  are  those  in  more  general  use  in  the  United 
States,  viz.: — 

Tlie  Brush  macliine  is  similar  in  principle  to  that  of 
Gramme  above  described,  but  has  many  features  of  con- 
struction  in  which  it  differs  fi^om  itJ4  prototype.  The 
Brush  machine  is  shown  in  Fig.  71,  It  employs  tlie 
annular  armature,  but  this  differs  from  the  Gramme  ring, 
in  the  fiict  that  it  is  divided  into  sections  by  a  series  of 
rectangular  grooves  or  recesses,  which  correspond  in  num- 
ber to  the  nnml>er  of  bobbins  employed.  The  coils  are 
wound  in  these  grooves  until  they  are  filled  out  to  the 
surface  of  the  intermediate  thicker  portions  of  the  ring. 
These  intermediate  portions  also  are  grooved  out  to  lessen 
the  weight  of  the  armature  and  for  the  purpose  of  pre- 
venting the  heating  of  the  ring  and  coils  by  induced 
currents  set  up  in  the  iron  core  of  the  armature^  Allison 
(sfX'  Dkfionary  of  Electrmiy^  p.  94)  refers  to  'Hhe  ar- 
rangement of  tlie  magnets  by  which  magnetic  field  is  pro- 
duced, and  by  which  the  armature  coils  are  during  their 
revolution  almost  continually  passing  through  a  very  in- 
tense magnetic  field,"  as  an  important  feature  of  the 
Brush  machine.  '-  The  armature  ring  is  closely  embraced 
on  each  side  by  large  horizontal  electro-magnets,  whose 
poles  are  expanded  so  as  to  be  presented  to  three  of  the 
armature  coils  on  each  side,  lea\ing  one  pair  of  coils  free 
from  their  direct  intluenee,  and  this  is  the  pair  which  is 
passing  through  the  neutral  region  of  the  magnetic  field. 
The  disposition  of  the  magnets  towards  the  armature  may 


4 


A 


be  described  as  two  horseshoe  electro-inagnets  placed 
oppo!!!]te  in  horizontal  position,  their  siniihir  poles  being 
towards  one  another,  and  liaving  a  small  space  between 
them  in  which  rotates  the  armature  ritij?/*  The  machine 
contains  other  special  features  which  woidd  consurae  too 
much  space  to  describe  in  detail. 

Van  der  Weyde  makes  the  following:  comparison  be- 
tween   the   Granmie   and    Brnsli    machines.      **  In   the 


106 


GALVANOPLASTIC    MANIPULATIONS, 


Gramme,  the  coils  of  the  annular  armature  are,  as  in  1 
Pacinotti  machine,  tapped  in  such  a  way  that  the  whole 
of  it  is  always  in  the  circuit,  even  those  parts  which  are 
over  the  neutral  part  of  the  ring;  tliis  unnecessarily  in- 
creases   the   internal    resistance    of  the   current   in    the 
machine.     Brush  corrected  this,  by  connecting  the  ends  ^ 
of  the  coils  in  such  a  way  to  tlie  commutator,  that  those  H 
parts  of  the  coils  passing  over  the  neutral  parts  of  the  ~ 
magnets,  in  which  no  current  is  develojied,  are  cut  out 
from  the  circuit  so  as  to  diminish  tlie  internal  total  resist- 
ance.    This  adds  to  the  efficiency  of  the  machine."     The 
Brush  machine  is  one  of  the  most  popular  machines  in 
this  country  for  electric  lighting,  and  witti  certain  modifi- 
cation'^ in  the  manner  of  w^inding  has  been  adapted  for 
electro-plating. 

In  response  to  a  letter  of  inquiry  addressed  to  the  man- 
ufacturers of  this  machine,  we  have  received,  through  the 
courtesy  of  Mr.  G.  W.  Stockly,  Vice-President  of  the 
Brusli  Electric  Company,  Cleveland,  Oliio,  the  following 
reply; — 

'^  We  have  delayed  sending  to  yon  the  information  you 
asked    for,    regarding   the    perlbrmance    of   our   plating 
machines,  in  order  that  we  might  compare  the  theoretical 
figures  of  the  work  capable  of  being  done  by  them  with 
their  actual  work  in  pmctice.     From  the  data  thus  col- 
lected, we  are  able  to  deduce  the  general  rule  (which  we 
presume  is   what   you   wanted  to   know)   that   for   each 
lit»rse-power  absorbed    by  the  machines,  we  are  able  to  ^ 
deposit  in  suitable  baths  at  hast  one  pound   per  hour  H 
in  each  haik.     The  number  of  baths  that  can  be  run  in 
series  (with  this  amount  being  deposited  in  each)  will  be 
govenied  by  the  electro-motive  force  of  the  machine,  the 
size   of  the    plates    in    tlie    Inith,   tlic    character  of   f 
solution,  the  distance  apart  of  the  plates,  etc.     In  the  c^ 
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of  our  No*  8  lig:ht  machine,  wound  suitably  for  copper- 
plating  and  requiring  about  thirty-five  horse-power  to 
drive  it,  we  could,  with  large  surfaces  of  copper,  both  for 
.anode  and  cathode,  in  an  acid  solution  of  sulphate  of  cop- 
per^ witli  plates  say  an  inch  apart,  with  tw^^nty  baths  in 
one  series  and  suitable  conducting^  wires,  deposit  about 
eight  tons  of  copper  per  day  of  twenty-four  hours. 

^*  These  figures  w411  enable  you  to  estinuite  the  rapacity 

of  any  one  of  our  machines  when  wound  for  elertro-pUiting. 

Any  of  our  machines  on  the  list  inclosed  can  be  wound 

for  electro-plating,  and,  when  so  wound  and  run  at  their 

maximum  capacity,  absorb  the  same  horse-power  as  wlicn 

wound  and  used  for  electric  liglit." 

The  accjompanying  tut.  Fig.  12,  represents  the  Wes- 

'  ton  machine.     An  iron  ring  or  cylinder  attached  to  an 

iroa  biise  forms  the  outer  shell  of  the  machine.     The  con- 
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rtruction,  which  is  not  visible  from  the  engraving,  w  ill  be 
Tidily  understood  from  tlie  following  brief  description. 
From  the  interior  of  the  cylinder  above  named,  and  pro- 
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jecting  radially  towards  the  centre  of  the  apparatus,  are 
arranged  a  number  of  magnets  (usually  five),  which  con- 
sist of  a  core  of  iron  to  which  are  fastened  a  number  of 
thin   tempered  steel  plates,  and  they  are  wrapped  with 
insulated  copper  wire,  and  so  connected  that  tlie  poles  j 
shall  be  alternately  north  and  south.     In  the  central  space  fl 
left  between  the  inw  ard  ends  of  these  magnets  is  arranged 
a   shaft   carried  by   l)earings,  which,  to  secure  greater 
strength  and  perfect  alignment,  are  cast  on  the  iron  disks 
or  heads,  which  are  accurately  fitted  and  bolted  to  the 
ends  of  the  cyUnder,     To  the  shaft  is  secured  a  series  of  i 
armatures   made  in  segments.      The   armatures   are    of 
iron,  and  are  also  w^-apjied  with  wire.     When  revolved, 
Uie  outwardly  projecting  ends  of  the^e    armatures  will 
pass  closely  to,  but  without  touching,  the  inwardly  pro- 
jectii\g  ends  of  the  magnets.     The  commutator  is  made 
in  tw  o  ]ne«^*s,  and  requires  but  two  springs  to  carry  the 
cumnits    from   all    the    armatures.      These    springs    or 
brushes  are  clamiHHl  in  sockets  projecting  from  the  front 
disk  of  the  cylinder.     An  automatic  switch  or  governor 
is  attached  to  this  machine  for  the  purpose  of  preventing 
it  ttt>n»  reversing  by  the  jiolurization  of  the  electrodes. 
The  A\'ei^ton   machine  is  exceeilingly  compact  in  fornix 
and  has  hcvn  extensively  introduced  for  plating, 

\\v  have  had  the  opportunity  of  noting  the  perform- 
ance of  one  of  tht^^*  ninehines  in  the  larg^  electrot^^ing 
establishment  of  Messrs,  Uansoii  Bros*,  Philadelphia^ 
where  it  \^iih  iulnHJuctHt  s^tneral  yeai^  ago  to  take  the 
place  of  thirty  largt^  cells  of  Smee  battery,  with  which 
about  6fif  square  fit^  of  moulds  could  be  covei^  with 
cxipix*r,  of  the  \isiwU  thit^knt^ss  for  ehx^rotj^  shells^  in  ten 
hours.  The  Weston  dynamo,  ixuisumiug  three  horse* 
|wwer,  TO^t^r?  1(H>  sipuin^  Rh^  of  mcHilds  with  copper  of 
the  rt^uirtxl  thickm^  in  the  «aaM  limt\  and  witlK>ut  the 
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care  and  attention  that  the  voltaic  hattcry  constantly 
demanded.  Estimating  the  thickness  of  the  cnpix^r  shells 
at  Yj^^Jg^y^ths  of  an  mch,  which  is  the  average  thickness, 
the  surface  above  named  will  represent  a  weight  of  27.72 
pounds  of  copper;  and,  taking  the  cost  of  steam  power 
at  the  usually  accepted  figure  of  four  cents  per  hour 
per  horse-power,  the  machine  in  question  actually  deposits 
27*73  pounds  of  copper  at  an  average  cost  of  one  dollar 
and  twenty  cents.  This  result  is  practically  equivalent 
ta  the  deposition  of  one  pound  of  copper  jjer  hoxir  per 
horse-power.  The  attention  required  by  the  machine  is  so 
trifling  that  the  machinist  in  charge  of  the  steam  engine 
is  able  to  look  after  it,  without  neglecting  liis  other  duties, 
hence  no  s|>ecial  charge  for  this  item  is  made. 

Fig.  73  shows  the  Arnoux-TIochhausen  plating  ma- 
cliine  with  a  Siemens  armature,  as  recently  improved. 
To  avoid  undue  heating  of  the  armature  coils,  which  is 
a  serious  source  of  trouble  and  of  loss  of  power  with 
many  forms  of  the  dynamo,  these  makers  surround  the 
armature  with  a  water  jacket  in  which  a  current  of  u  ater 
is  kept  flowing.  Another  feature  of  the  machine  is  an 
automatic  switch  for  regulating  the  current  according  to  the 
isurfac*e  of  the  work  in  the  bath,  and  for  the  purpose  also  ol 
preventing  the  machine  from '* reversing"  by  the  polar- 
ization of  the  electrodes. 

The  resistance  board  or  ** switch"  with  gidvanometer 
shown  in  connection  with  tlie  above  is,  in  this  or  an  analo- 
gous form,  an  indispensable  adjunct  to  the  dynamo- 
I  electric  machine,  for  controlling  the  amount  of  cuiTent 
generated.  It  consists  of  a  rectangular  board  of  conve- 
nient size,  to  which  is  attached  a  scnies  of  brass  or  German- 
silver  wires  of  varying  thicknesses,  from  very  fine  to  tliick. 
Theaie  wires  are  each  attached  at  one  end  to  a  flat  plate 
f  German  silver  below,  and   are   stretched  o\er  a  pin 


above  and  attached  below  to  the  next  plate,  the  suc- 
cessive plates  l>eing  separated  froni  each  other*  This 
board  is  placed  in  the  circuit,  and,  by  means  of  a  metallic 
key  which  may  Ik^  shifted  from  one  of  the  plates  to  ■ 
anothen  the  full  current  of  the  machine,  or  any  pro-  " 
portion  of  it  that  may  be  r(  ipiireil,  may  be  passt^d  into 
the  bath. 
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The  accompanying  cut,  Fig.  74,  represents  the  Mather 
Dynamo-Electric  Machine.     This  machine  uses  a  single 

Fig,  74. 


let,  of  which  the  base  of  tlie  machine  forms  a  part,  and 
which  is  so  formed  as  to  secure  a  much  greater  length 
than  is  commonly  used.  The  purjiose  of  the  designer  in 
mtrodncing  this  feature  is  to  interpose  as  great  a  resist- 
ance as  possible  to  reversal.  The  opposite  pok^s  of  the 
niagnet  inclose  the  armature  which  thus  occupies  and 
WU  the  magnetic  field.  Tlie  fixed  magnet  is  woimd  in 
the?  U8ual  manner ;  and  its  form  is  such  as  to  allow  a  fi'ee 
rircidation  of  air  through  longitudinal  recesses  in  the 
outf'r  surfaces  of  the  core,  whicli,  when  it  is  w^ound,  be- 
^mc  passages  oi>en  at  eacli  end  for  the  transmission  of 
*  current  of  air  produced  by  the  rotation  of  the  armature. 
Much  stress  is  laid  by  the  maker  of  this  machine  upon  the 
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method  of  constructing  the  armature,  by  virtue  of  which, 
it  is  claimed,  the  local  currents  produced  by  induction  in 
an  ordinary  core  are  so  far  prevented,  that  the  heating 
from  this  cause  is  very  inconsiderable.  The  arniatnre  is 
wound  with  insulated  wire  in  substantially  the  same  man- 
ner as  other  machines ;  and  its  disposition  is  such  that  its 
face  is  surrounded  by  the  masses  of  iron  composing  the 
magnets  with  tlieir  coils ;  and  the  endeavor  has  been 
made  in  its  form  and  the  relation  of  its  parts  to  provide 
that  there  shall  be  a  strong  magnetic  action  on  its  sides 
as  well  as  on  its  face,  and  at  the  same  time  to  have  a  free 
circulation  of  air  around  it  and  through  the  recesses  in 
the  magnet  in  order  to  counteract  the  heat  that  may  be 
develoi>ed.  It  is  further  claimed  that  the  method  of  con- 
struction adopted  renders  it  possible  to  leave  much  more 
space  between  the  armature  and  the  magnets  than  has 
usually  been  possible.  One-i^ighth  of  an  inch  is  allowed, 
and  it  is  affirmed  that  up  to  three-sixteenths  of  an  inch, 
the  results  obtained  show  a  gain  in  power  without  loss  of 
current.  If  this  space  between  the  armature  and  the 
magnets  can  be  allowed  without  detrimental  effect  upon 
the  power  of  tlie  machine,  it  will  have  the  advantage  of 
avoiding  the  danger  of  actual  contact  between  the  face 
of  the  armature  and  the  magnets,  which  hap|)c^ns  in 
some  rnscs  by  wear  uf  tlie  journal  boxes  or  other  causes, 
and  with  disastrous  results.  The  commutator  differs  in 
some  minor  details  from  those  commonly  used,  |  The 
junction  of  the  coil  wires  with  the  segments  of  the  com- 
mutator is  made  through  large  copper  plugs,  which  are 
*'  sweated  "  in  to  struiv  perfect  contact.  |  The  segments  of 
which  it  is  connKised  niv  si^parated  from  each  other  entirely 
by  longitudinal  slits.,  which  [K^rmit  of  rapid  cleaning  by 
simply  passing  a  string  tlimugh  an  opposite  pair  of  the 
sUts  and  working  it  back  and  forward. 
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The  Miiller  Machine,  which  has  also  been  introduced 
I  to  a  considerable  extent  for  electro-plating  in  the  United 
States,  and  several  forms  of  the  Siemens  machine,  which 
jive  been  largely  adopted  abroad  for  plating  as  well  as  for 
5e  metallurgical  extraction  oi  copper  on  the  large  sc^le, 
are  worthy  of  mention  as  successful   machines  in  con- 
nection with  this  subject     Detailed  descriptions  of  these, 
however,  would  needlessly  lengthen  this  chapter,  and  the 
H  reader  is  referred  for  such  descriptions,  should  they  be 
^Ldesired,  to  the  technical  journals. 

0  Kespeeting  the  comparative  merits  of  these  and  other 
machines,  there  is  much  diversity  of  opinion  atnong  those 
ivho  use  them,  some  preferring  one  and  others  another. 
As  remarked  elsewhere,  there  is  great  need  of  a  series  of 
tests  with  these  machines,  in  order  to  determine  wliieh 
type  of  machine  is  best  adapted  for  electro-metallurgical 
H purposes.  Meantime,  the  claims  of  rival  makers,  and 
w^idely  differing  testimony  of  electro-platers,  render  the 
selection  of  a  machine  a  task  of  no  little  difficulty. 

In  conclusion,  we  may  be  allowed  to  briefly  reaffirm 
that   the   dynamo-electric   machine  has    now  practically 

I  become  the  sole  source  of  electric  ciuTcnt  in  the  art  of 
electro^plating.  In  one  or  another  of  its  numerous  modi- 
fications it  lias  supplanted  almost  entirely  the  euudier- 
fiome,  troublesome,  and  exi>cnsive  voltaic  battery.  By 
reason  of  the  economy,  certainty,  and  rapidity  of  its  oper- 
ation it  has  contributed  very  largely  to  the  considerable 
extension  of  the  art  of  electro-plating,  and  cheapened 
the  cost  of  this  class  of  work,  and  it  may  safely  be  credited 
with  having  called  into  existence  one  of  the  most  *  ex- 
lennive  and  important  branches  of  the  art;  we  refer  to 
biickel  plating,  which  without  its  aid  could  never  have 
ime  into  general  use. 
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CHAPTER  X, 


DEPOSITION  OF  COPPER — BY  SIMPLE  IMMERSION BY 

BATTEHY. 

Defiomtion  of  Cojjper, 

We  have  said,  in  the  articles  on  cleansing,  that  it  was 
often  useful,  and  sometimes  absolutely  necessary,  to  effect 
a  primary  deposit  of  copper,  brass,  and  sometimes  of  tin, 
upon  common  metals  or  alloys,  such  as  wrought  and  cast 
iron,  zinc,  Algiers  metal,  etc.,  before  they  receive  the 
precious  metals.  But  these  various  operations  are  often 
not  simply  the  complenient  of  the  cleansing  process, 
but  furnish  products  ready  for  the  trade  without  any 
further  operations.  We  shall  carefully  describe  thevarious* 
formnlie,  by  the  aid  of  which  we  arrive*  at  these  results, 

Depomtkm  of  Copper  {by  mmple  immersion). 

Copper  deposits  are  obtained,  according  to  the  metals 
cmplo}  ed  or  the  object  in  view,  either  by  simple  immer- 
sion or  by  the  galvanic  method. 

The  deposition  of  copper  by  immersion  is  seldom  prao' 
tised  except  upon  iron,  and  the  deposits  obtained  are  gener* 
ally  wanting  in  lasting  qualities.  They  are  intfe^nded  to 
please  the  eye  only,  since,  from  tlie  thinness  of  the  deposit, 
the  jjon  is  not  protected  against  atmospheric  influences. 
It  may  even  be  rendered  more  liable  to  oxidation. 

We  employ  a  bath  composed  of — 

Sul[>bale  of  copper  (blue  vitriol)        *  10  parts. 

Sulphuric  acid  (oil  of  vitriol)    .          •  '10     ** 

Water 500  to  1000     »* 
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If  tlie  iron  is  immersed  in  this  solntion  for  a  short  time 
onlv,  it  immediatelv  becomes  covered  with  a  bright  film 
of  pnre  cop[>er  having  a  certain  adherence;  bnt  shonld  it 
renrnin  there  for  a  few  minntes,  the  deposit  of  copper  h 
thicker  and  muddy,  and  has  such  slight  adherence  that 
the  least  friction  is  sufficient  tn  detach  it.  In  this  case, 
we  are  obliged  to  compress  it  by  means  of  rollers  or  a 
draw  plate,  in  order  to  impart  a  certain  cohesion  to  the 
molecules  of  copper.  Small  articles,  such  as  hooks,  pins, 
steel  pens,  etc..  are  coppered  by  tumbling  them  lor  a 
certain  length  of  time  in  sand,  bran,  or  sawdust,  impreg- 
nated with  the  above  solution,  diluted  with  three  or  lour 
times  itii  volume  of  water. 

An  improved  method  of  coppering  by  simple  immersion, 
and  which  is  reputed  to  be  in  common  use  in  Paris,  lor 
coating  such  large  objects  as  cast-iron  fountains,  lamp- 
|»o«t^  etc.,  is  that  of  F.  Weil.  It  is,  briefly  described,  as 
follows : — 

The  depositing  solution  consists  of — 

Hoflio-pfitassic  I  art  rat «            ,         •         ,         ,  liiO  jmrtji. 

Soda-Hnie  (contttiiiing  50  per  cent,  free  soda)  80     *' 

Sulphate  of  copper        .          .          .         .          ,  35     " 

Wai**r 1000     ^* 

The  above  named  substances  are  dissolved  in  water  with 
the  aid  of  heat,  if  necessary,  and  the  articles  of  iron,  or 
uteeU  properly  cleansed,  are  immersed  in  the  bath  in  con- 
tact witli  a  piece  of  zinc,  or  lead,  or  susiiended  therein 
from  zinc  slinging  wires.  The  articles  themselves  should 
uot  touch  each  other.  The  action  is  slow,  iron  articles 
reqiuring  an  immersion  of  from  five  hours  to  several  days, 
acf^ording  to  the  thickness,  color,  etc.  of  the  deposit  de- 
sired ;  but  the  de|X)sited  copper  is  affirmed  to  be  strongly 
j  adherent^  and  to  be  capable  of  acquiring  cunsiderable 
thickness.     When  the  coating  is  satisfactory,  the  articles 
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are  withdrawn,  well  rinsed  in  water,  dried  in  hot  saw- 
dust, and  afterwards  in  a  stove.  In  operating  witli  this 
solution  on  the  large  scale,  Weil  recommends,  in  order 
to  keep  the  bath  of  Tuiifiirm  strength,  that  it  be  constantly 
renewed  from  below,  the  overflow  passing  off  in  a  small 
stream  from  the  top.  As  the  copper  becomes  exhausted 
the  solutionis  strengthened  from  time  to  time  by  additions 
of  hydratod  oxide  of  copper.  When,  after  prolonged  use, 
the  bath  ha^  become  sjitnrated  with  zinc,  it  will  be  ueces^ 
sary  to  revivify  it  by  precipitating  the  zinc  with  sulphide 
of  sodium,  being  careful  to  avoid  an  excess,  and  charg- 
ing the  liquid  drawn  off  from  the  precipitate,  afresh  with 
copper  salt. 

EledrO'Dej^omtlan  of  Copper, 

Electro-deposits  of  copper  may  be  obtained  by  two  dif- 
ferent methods;  First  by  decom^wsing a  simple  salt  of  co|>- 
per,  the  sidphate  for  instance,  which  is  suitiible  for  those 
metals  only  which  are  not  decomposed  by  the  acid- solu- 
tion; and  second,  by  decomposing  a  double  salt  of  copj>er, 
such  as  the  double  cyanide  of  potassium  and  copper^M 
This  latter  jirocess  is  equally  well  adapted  td  all  metals 
and  metallic  alloys. 

It  is  obvious  that  the  sulphate  solution  cannot  be  used 
for  obtaining  electro-deposits  of  copper  upon  such  metals 
or  alloys  as  zinc,  iron,  tin,  lead,  Britannia-metal,  etc., 
which  decompose  the  solution  without  the  galvanic  cur- 
rent, precipitating  its  copper  by  simple  immersion.  For 
these  metals  or  alloys,  therefore,  the  alkaline  cyanide  solu- 
tion, or  its  equivalent,  is  used.  Emss,  German-silver,  etc, 
which  do  not  preci[>itate  cop()er  from  the  sulphate,  cao^ 
be  electn>copiJeved  in  this  solution.  It  may  be  added,  in 
this  place,  that  the  practice  sometimes  obtains,  where  a 
copper  deposit  of  considerable  thickness  is  desired,  upon 
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iron,  zinc,  etc.,  of  laying  a  thin  coating  of  copper  in  the 
cyanide  bath,  and  thereupon  transferring  the  article  to 
the  sulphate  bath  to  complete  the  deposit  to  the  desired 
thickness. 

The  first  method  of  obtaining  electro-deposits  of  copper, 
«.«.,  by  a  simple  salt  of  copper,  will  be  treated  in  exi^iso 
in  the  second  part  of  this  work,  under  the  caption  of 
Galvanoplasty  proper.  )  The  deposition  of  copper  by 
the  galvanic  decomposition  of  double  salts,  is,  on  the 
other  hand,  the  subject  which  will  occupy  us  in  this 
0ace. 

The  deposition  of  copper  from  solutions  of  the  double 
salts  is  a  process,  as  we  have  already  said,  well  adapted 
to  all  metals  and  alloys ;  the  deposits  are  fine,  lasting, 
and  their  thickness  is  entirely  under  the  control  of  the 
operator. 

The  most  simple,  although  not  the  most  economical, 

process  consists  in  dissolving  any  salt  whatever  of  copper 

in  water  in  the  presence  of  a  sufficient  quantity  of  the 

cyanide  of  potassium.     The  mode  of  procedure  is  about 

as  follows :    Dissolve  50  parts  of  sulphate  of  copper  in 

1000  parts  of  water,  and  add  a  solution  of  carbonate  of 

soda  until   no  more  precipitate  is  formed:    collect  the 

green  precipitate  (carbonate  of  copper)  thus  obtained^ 

apon  a  cloth  filter,  and  wash  it  several  times  with  water ; 

then  stir  the  washed  carbonate  of  copper  in  water,  to 

which  cyanide  of  potassium  is  added  until  the  carbonate 

is  entirely  dissolved,  and  the  solution  is  colorless.     It  is 

advantageous  to  add  a  small  excess  of  cyanide,  which  will 

increase  the  electric-conducting  power  of  the  liquid. 

This  bath  may  be  employed  indifferently,  hot  or  cold^ 
and  requires  for  its  decomix>sition  quite  an  intense  electric 
current. 

A  copper  plate  or  sheet  forms  the  anode,  and,  slowly 
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dissolving,  nearly  makes  np  for  the  loss  of  the  bath 
DOpper  which  has  deposited  on  the  negative  pole>     This 
anode  must  he  removed  when  the  bath  is  not  in  action, 
as  the  cyanide  will  eontiniu*  to  dissolve  it  even  without 
an  electric  current;  and,  should  the  bath  become  over-       i 
charged  with  copper,  which  will  be  indicated  by  a  bine  or  H 
green  color,  it  will  require  a  fresh  addition  of  cyanide  to 
be  restored  to  good  working  order. 

This  bath,  we  repeat^  is  not  economical,  and  is  like* 
wise  uncertain  in  its  action.  We  have  fi)uud  by  expe- 
rience that  either  of  the  following  formidte  is  preferable 
to  it  under  all  circimistanees: — 

First  Formula. 

EQUALLY  WKLL   Al^APTED    FOR    ALL    MKTALS  OU  ALLOTS,   AND  TO 
KMl*H*VKI>    INl»IFFKIti;NTL\%  COLO  OR  WAHM. 

Wutt^r lOUO  parts. 

Acetate  of  cop[ver  (crystal lized)     .  .         .20     ** 

Citrbonate  of  stxla  (eiy dials)  .         .  .        20     ** 

Hi  sulphite  of  Boda         *  .         .         .       'iO     ** 

Cyanide  of  potassium  (pure)  .         .         .       20     ** 

For  preparing  this  batli,  the  acetate  of  copper  is  puf 
first  into  tlie  ves8c*l,  and  moistened  with  sufficient  water 
to  make  a  homogeneous  paste.  This  salt,  like  ilour,  is 
wetted  with  difficulty,  and  will  float  on  the  surface  of  too 
great  a  body  of  water. 

The  carbonate  of  soda  and  two  hundred  parts  of  water 
are  added  to  this  paste,  and,  after  stirring,  a  liglit  green 
precipitate  is  formed.  Two  hundred  parts  more  of  water 
are  then  added  with  the  bisulpliite  of  soda,  when  the 
magma  becomes  of  a  dirty-yellow  ctdor. 

Lastly,  the  remaining  six  hundred  parts  of  water  and 
the  cyanide  of  potassium  are  introduced,  Wlien  this  has 
completely  dissolved,  the  result  will  be  a  colorless  liquid, 
which  is  the  coppering  bath.      If,   aJler  the  complete 
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solution  of  the  cyanide,  the  liquid  is  not  entirely  color- 
less, we  must  add  a  little  more  cyanide.  But  this  is  never 
necessary  save  vi^hen  the  cyanide  is  impure,  or  has  begun 
to  decompose. 

If  we  desire  a  perfectly  limpid  bath,  we  may  pass  it 
through  filtering  paper,  or  decant  it  after  settling. 

This  bath,  for  its  decomposition,  requires  an  electric 
current  of  moderate  intensity. 

The  copper  anode  should  have  a  surface  about  equal 
to  that  of  the  objects  to  be  coppered. 

Large  pieces  are  generally  kept  hanging  and  motion- 
less in  the  bath;  on  the  other  hand,  small  articles  are 
moved  as  much  as  possible,  which  is  always  to  be  pre- 
ferred when  practicable,  especially  with  warm  baths. 

The  following  formulae  are  adapted  for  a  cyanide  of 
from  70  to  75  per  cent,  purity.  These  formulae  are  ap- 
plied to  various  uses. 

Second  Formula, 

COLD  BATH  FOR  IROK  AND  STEEL. 

Bisulphite  of  soda 50  parts. 

Cyanide  of  potassium 50     " 

Carbonate  of  soda         .        ^         .         .         .     100     " 

Acetate  of  copper 47     '* 

Aqua  ammonia 35     << 

Water  .......  2500     •* 

WARM    BATH. 

Bisulphite  of  soda 20  parts. 

Cyanide  of  potassium 70     «* 

Carbonate  of  soda 50     " 

Acetate  of  copper 50     " 

Aqua  ammonia 30     <* 

Water 2500     " 
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Third  Formtda, 
HOT  OR  COLD  BATH  FOR  TIN,  BRONZE^  OR   LAROR  PIECES  Or  ZIKC 

Bisulphite  of  so-tla  .         ,         ,         .         .       30  parti 

Cyiuiidt;  of  potassiuiii    .  .  ,  .  .50     " 

Acetate  of  copfK^r  ,         .         .         .         .       3h     ** 

Aqya  ammonin     ......       20     ** 

Water 2500     ** 

T>astly,  for  small  articles  of  zinc,  whicli  may  be  cc 
pered  in  a  perforated  ladle,  and  at  nearly  boiling  tem- 
perature : — 

Fourth  Formula . 
Cyanide  of  potiissimn      ,         .         •  70  parts. 

Bisulphite  of  soda 10     '* 

Acetattf  of  copirtr  .  .         ,         ,  45     '* 

Aqua  ammonia       .         .         .         .  15     ^^ 

Water 2000  to  2500     ^* 

In  order  to  pre]iare  tbese  different  baths,  we  dissolve 
in  two  thousand  parts  of  water  (preferably  rain  or  dis- 
tilled water)  all  of  the  salts,  except  the  acetate  of  eopperf 
and  the  ammonia,  which  are  dissolved  in  the  remaining 
five  hundred  parts.  The  two  solutions  are  then  mixed, 
and  that  of  the  copjier  and  ammonia,  which  was  of  a 
magnificent  blue,  must  become  entirely  colorless  when 
mixed  with  the  first.*  The  bath  is  ready  to  work  when 
subjected  to  the  action  of  the  electric  current.  M 

The  baths  intended  for  working  in  the  cold  are  con- 
tained in  wTll-joined  tanks  of  oak  or  ixr  wood  (Fig.  75), 
and,  for  greater  precaution,  hncd  inside  with  gutta-jx^rcha. 

I 

'^  It  should  be  unrlersood  tltat,  when  the^e  hatha  are  not  colorless* 
U  is  because  of  a  deficiency  of  cyanide  of  iH>tiissium»  which  should  be 
addeil,  until  complete  deeolori^ation  tiikes  phice^^  and  even  in  alightfl 
excess.  We  shotdd  state  of  the  balhs  of  these  four  formuh^,  that  thej 
work  more  regularly  the  ohler  they  are,  and  the  more  frequently  they 
have  been  recharged. 
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The  vertical  sides  are  also  covered  with  one  or  several 
sheets  of  copper,  which   constitute   the  soluble  anode, 

Fig.  75. 


"^a" 


and  the  height  of  which  is  somewhat  below  the  level  ot 
the  edge  of  the  tank.  This  anode  is  connected  by  the 
clean  extremities  of  a  conducting  wire  to  the  last  copper 


in 
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or  carbon  (according  to  the?  kind  of  battery  employed), 
that  is  to  say,  to  the  positive  pole  of  a  battery,  or  machine, 
as  the  case  may  be. 

A  stout  brass  wire  is  fixed  upon  the  top  of  the  tank, 
well  insuUited  from  the  anode,  and  is  connected  by  a 
second  wire  with  the  last  zinc,  or  negative  pole,  of  the 
battery,  or  machine. 

The  objects  to  be  coppered  are  suspended  in  the  bath 
by  means  of  copper  wires,  or  liooks,  of  convenient  length, 
which  in  turn  are  supported  upon  a  stout  and  clean 
brass  md.  the  two  extremities  of  which  rest  upon  the 
bnivss  condncthig  wire  fixed  ni>on  the  tank.  A  nun^iber 
of  such  rods  carrying  objects  are  placed  parallel  to  each 
other,  and  the  gix^atest  care  must  be  observed  to  prevent 
any  of  the  objects  to  be  coppered  from  toucliing  the 
anode,  as  the  slightest  contact  of  this  kind  would  at 
once  arrest  working  of  the  bath.  It  is  needless  to  say 
that  the  objects  must  have  been  cleansed  in  the  manner 
already  described. 

Af\Tien  the  thickness  of  the  deposited  copper  is  very 
slight,  the  deposit  is  suffif^iently  bright  4:0  be  considered 
finished  after  drying.  Hut  if  the  operation  is  more  pro- 
tracted, the  deposit  apjiears  with  a  more  or  less  dead 
lustre  on  account  of  its  thickness,  and,  if  a  bright  lustre 
is  desired,  we  must  use  the  scnitch-brush. 

The  Imths  intended  for  %vorking  hot  are  contained  in 
stoneware  vessels  (Fig.  IB)  heated  on  the  water  or 
steam-bath,  or  simply  in  an  enamelled  cast-iron  kettle 
placed  directly  over  a  fire. 

The  interior  of  this  vessel  is  also  lined  with  an  anode 
of  copper,  connected  with  the  positive  pole  of*  the  battery^ 
and  the  edges  of  the  vesstds  are  varnished,  or  support  a 
wooden  ring,  upon  which    rests   a   brass   ring   coramu- 
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nicating  with  the  negative  pole.     The  rods  supporting 
the  objects  to  be  electro-plated,  rest  upon  this  circle. 

Fig.  76. 


The  hot  process  is  much  more  rap^d  than  the  cold, 
and  is  especially  adapted  to  those  articles  which  are 
difficult  to  cleanse,  because  any  remaining  superficial  im- 
purity of  grease  is  dissolved  by  the  alkaline  bath. 

The  squares  of  watch-keys,  the  metal  parts  of  porte- 
monnaies,  and  other  small  articles,  are  coppered  by  this 
method,  if  a  firm  coating  is  required. 

Packages  of  pierced  articles  that  may  be  threaded  on 
a  wire,  as  for  instance  metallic  pens,  are  not  suspended  in 
the  bath;  but  are  simply  connected  with  the  negative 
wire  in  the  hand  of  the  operator,  and  moved  about  in 
every  direction  in  the  bath.  This  agitation  ])ermits  of  the 
employment  of  quite  an  intense  current,  without  danger 
of  im|)airing  the  beauty  of  the  dc|K)sit. 

Small  articles  of  zinc,  such  as  hooks,  nails,  etc.,  are  dis- 
posed in  a  perforated  stoneware  ladle  (Fig.  77),  at  the 
bottom  of  which  is  placed  a  spiral  of  ziuc  or  copper  wire, 
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which  is  wound  up  around   the  handle,  and  is  connected' 
with  the  negative  pole  of  the  battery.     It  is  sufficient 

Fig.  77. 


I 


that  a  single  one  of  these  small  articles  shall  touch  the 
wire,  for  all  of  the  others  to  be  aifected  by  the  ciurent, 
since  they  are  all  mutaally  in  contact*  K  the  bottom  of 
the  vessel  is  metallic,  and  in  order  to  prevent  contact 
with  those  objects  which  may  pass  through  the  holes,  the 
ladle  is  made  to  rest  upon  a  porcelain  or  stoneware  ring. 

Experience  has  shown  that  this  disposition  is  prefer- 
able to  metallic  sieves,  es|x*cially  those  of  copper  or  brass^^^d 
wliicli  absorb  nearly  all  the  copper  deposited.  ^ 

During  the  operation,  the  articles  should  he  frequently 
shaken  up  in  the  ladle.     This  shaking  changes  the  points 
of  contact  of  the  objects,  and  brings  each  iu  turn  to  the  H 
surface.  " 

It  is  well  for  small  articles,  to  place  the  anode  on  top 
of  the  ladle,  but  without  any  connection  with  the  objects! 
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to  be  coppered.     Fig.  78  represents  a  ^»g-  ^^' 

convenient  form  of  anode  for  this  pur- 
pose. 

Biiring    the   operotion,    the    bath 
attacks  and  slowly  dissolves  the  co{> 
lier  anode ;   but   here   theory  is  not 
quite  in  accord  with  practice,  since 
this  solution  is  not  sufficiently  rapid 
to  compensate   for  the  loss  of  metaJ, 
and  to  maintain  the  proper  saturation 
of  the  bath.     When   the  deposition 
H  IB  foimd  to  be  going  on  too  slowly,  we  must  bring  up  the 
^■taUh  by  the  addition  of  a  certain  quantity  of  acetate  of 
^^Rpper  and  of  cyanide  of  potassium  (equal  weights). 

■  Some  operators  substitute  the  sulphate,  or  the  cyanide, 
of  copper,  for  the  acetate  of  this  metal.     The  first  should 

I  be  rejected  on  account  of  its  too  great  acidity,  which  use- 
lessly destroys  part  of  the  salts  of  the  bath.  Tlie  second 
is  too  expensive,  and  docs  not  give  more  satislactory 
results  than  the  acetate,  which  is  to  be  preferred  on 
account  of  its  comparative  cheapness  and  its  perfect  neu- 
trality, ^loreover,  the  acetates  of  pofassa,  or  soda,  or 
ammonia,  formed  by  double  decomposition,  are  without 

■  any  bad  effects  during  the  operation. 

H  Carbonate  of  copper,  recently  precipitated  and  dissolved 
H  in  juAt  enough  cyanide  of  potassium  to  discolor  it,  may 
n     alM)  be  employed.     This  mixture  is  added  to  worn-out 

►  baths  t«  revivify  them ;  but  it  is  preferable  not  to  wait 
until  they  are  woni  out,  and  to  make  up  for  the  losses  by 
adding,  now  and  then,  a  small  qtiantity  of  the  double 

»c\'anidc  of  potassium  and  ropjier  already  indicated. 
When  a  bath   has  been  too  often  recharged  with  salts, 
it  liecome«  too  dense,  and  its  electric  conductivity  dimin- 
iiibe8.     The  pieces  plunged  into  it  receive  no  deposit,  or 
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only  an  imprnfect  one,  altlioiigh  the  relative  quantities 
of  coppt*r  mlt  and  of  dissolving  agents  are  in  suitable 
proportions.  The  working  quality  may,  in  such  case,  be 
restored  by  the  addition  of  water. 

When  the  anode  has  too  largt?  a  surface,  or  remains 
immersed  in  non-working  baths,  the  liquor  becomes  over- 
loaded with  copper,  turns  blue  or  grc^en,  and  requires  the 
addition  of  cyanide  of  potassium  to  the  point  of  discolora- 
tiou. 

It  happens  sometimes  that  the  anode  becomes  covered 
with  a  brownish  or  wliitish  coating  preventing  its  solution ; 
the  batli  then  becomes  gradually  iioorer  in  metal,  and 
ceases  to  give  a  depi:»sit.  In  this  case,  an  addition  must 
be  made  of  a  solnticm  of  acetate  of  copper  in  ammonia, 
until  the  blue  coloration  which  it  causes  begins  to  disa|> 
]>car  with  difficulty.  If  too  much  is  added,  the  excess  fl 
must  be  corrected  with  cyanide  of  potassium.  To  sum 
up,  an  attentive  and  intelligent  operator  will  always  be 
able,  witli  cyanide  of  potassium  and  salt  of  copper,  to 
maintain  the  materials  of  his  bath  in  a  proper  state  of 
equilibrium. 

Some  operatoi*s  copper  silver  articles  before  gilding 
them,  This  is  done  partly  to  give  the  dejmsit  greater 
solidity,  and  partly  to  avoid  the  whitening  at  the  angles, 
which  otherwise  soon  shows' itself  as  the  result  of  wear 
and  friction. 

Large  pieces  of  silverw^are  may  be  coppered  in  any  of 
the  baths  before  mentioned.  Very  small  articles,  on 
the  other  hand,  are  simply  threaded  upon  a  zinc  or  iron 
wire,  or  placed  in  a  perforated  ladle  with  granules  or  cut- 
tings of  either  of  these  metals.  By  plunging  the  whole 
for  a  few  minutes  in  a  very  dilute,  but  very  acid,  solution 
of  sidphate  of  copper,  the  zinc  or  the  iron  dissolves,  tak- 
ing the  place  of  the  copper  in  the  solution,  and  the  latter 
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is  deposited  as  a  uniform  and  adherent  coating  upon  the 
silver,  which  acquires  a  maf^iificent  pink  color. 

When  the  article  thus  coppered  is  intended  to  be 
gilded  or  silvered^  it  is  quickly  passed  without  drying  or 
scratch-bioishing,  through  the  quirking  bath,  rinsed  in 
cold  water,  and  at  once  immersed  in  the  depositing  bath. 
We  append,  in  conclusion,  a  number  of  tbrmuhr  and 
methods  from  sundrj^  reliable  sources,  which  may  be  found 
m*ful. 

The  following  method  is  that  employed  by  Serin  &  Co., 
of  Paris,  for  the  electro-deposition  of  copper  upon  iron, 
viz.: — 

a.    Preparafiwi  of  the  arttchs.   The  articles  are  first 

immersed  in  dilute  sulphuric  acid,  then  washed   in  cold, 

[followed  by  hot,  water;  they  are  then  immersed  in  boiling 

alkali,  from  which  they  are  removed  and  transferred  to  a 

bath  of  milk  of  lime,  in  which  they  are  allo>ved  to  remain 

■  for  several  weeks, 

■  b.  Preparation  of  the  first  copper  ha  fit. 

■solu 


Water      . 

Cyanide  of  pota^ium 


100  parts. 
4  to  4|    ** 


Dissolve  in   this,  cyanide  of  copper,  until  a  saturated 
LsoluHon  is  obtained. 

c   Treatment  of  the  arUeleg  in  the  bath,  The  articles 

fallowed   to  remain  in   this  Ijath   for  about  an   hour, 

th  the  employment  of  a  moderately  strong  current  (suf* 

Ificiently  strong  to  maniiest  a  lively  evolution  of  gas).     In 
lliis  bsith,  the  articles  take  on  a  thin  copper  coating,  when 
tlipy  are  ready  for  the  subsequent  operation, 
d,   Preparatiofi  of  the  second  copper  ha/h.  Dissolve  in 
water,  with  the  aid  of  heat,  so  much  sulpluite  of  copper 
^ihal   the  solution,  when  cold,  shall  register  24°  Baimie. 
Klutc  with  ^vater  to  20^  Baum6,  and  add  enough  sul- 
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phurie  acid  to  bring  the  specific  gravity  of  the  solution  to 
22°  Baume,    This  solution  forms  the  second  copper  bath. 

e.  Treatment  of  the  articles  in  the  second  copper  bath. 
The  articles,  thinly  cojipered  in  the  first  batli,  are  trans- 
ferred to  the  second  coppt^r  bath  just  described,  through 
which  the  current  has  been  directed  before  the  articles 
are  introduced.  In  this  bath,  the  articles  can  be  coated 
with  a  copper  coating  of  great  adhesion  and  of  any  de- 
sired thickness.  When  properly  coated  they  arc  removed 
from  the  hath,  washed  in  clean  wat^r,  dried,  and  polished. 

Instead  of  the  first  thin  coating  of  copper  here  de- 
scribed, the  articles  may  be  first  given  a  coating  of  lead 
by  galvanic  deposition,  upon  wliich  tliey  may  be  coppered 
in  the  second  bath. 

/.  Preparatimi  of  the  lead  bath.  Dissolve  litharge  in 
water  containing  10  percent,  of  caustic  potassa.  Anodes 
of  lead  phites  are  used  to  maintain  the  saturation  of  the 
bath.     The  galvanif  current  does  not  require  to  be  strong* 

L,  Eisner's  procedure  for  the  electro-deposition  of  cop- 
per is  as  follows  (Winckler,  Handbuch  der  MetaUiiberzH- 
gen^  1881,  p-  218);  Dissolve  1  part  of  powered  bitar- 
trate  of  potassiinn  in  10  parts  of  rain  water,  and  add  to 
this  solution,  freshly  precipitated  hydrated  carbonate  of 
copper  (prepared  by  precipitating,  in  the  cold,  a  dilute 
solution  of  sidphate  of  copper  with  a  dilute  solution  of 
cartenate  of  sodium  or  potassium,  and  washing  with 
w^^ter)  imtil  no  more  is  taken  up,  that  is,  until  the  last 
portions  added  remain  undissolved.  The  solution  is  then 
made  decidedly  alkaline  by  the  addition  of  carbonate  of 
potassium,  filtered,  and  the  clear  liquid  constitutes  the 
copper  bath.  A  current,  of  moderate  strength  only,  is 
required,  the  copper  anodes  dissolving  readily,  and  main- 
taining the  metallic  strength  of  the  solution. 

For  electro-coppering  cast  iron,  the  same  authority  re- 
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cjommends  a  saturated  aqueous  solution  of  sulphate  of 
sodium,  to  which  as  inucli  hydra  ted  carbonate  of  copper 
(or  hydrated  oxide  of  copper)  is  added  as  it  will  take  up. 
The  clear,  dark  blue  solution  which  is  filtered  off  from 
the  undissolved  residuum,  rendered  decidedly  alkaline  by 
the  addition  of  carbonate  of  sodium,  serves  as  the  copper 
bath.  Cast-iron  objects  are  soon  covered  with  a  matt 
rose-colored  deposit  of  copper 

Watt  (Eledromektllnrgf/^  1th  ed,,  p.  35)  recommends 
the  following  forinulnE*  for  the  galvanic  deposition  of  cop- 
per on  iron  or  zinc,  viz. : — 

I.  Add  to  a  solution  of  sulphate  of  copper,  a  solution 
of  cyanide  of  potassium.  Wash  the  greenish  precipitate 
several  times  with  cold  water,  and  dissolve  in  cyanide  of 
pota-ssium. 

2-  Pour  into  a  solution  of  sulphate  of  copper,  a  solu- 
tion of  ferrocyanide  of  potassium  until  no  further  precipi- 
tation takes  place.  Wash  as  above,  and  dissolve  in  cya- 
nide of  potassium.     Work  the  solution  hot. 

3*  Dissolve  8  ounces  of  sulphate  of  cop])er  in  1  quart 
of  hot  water;  w^heu  cold,  gradually  add  liquid  ammonia 
(sp.  gr.  ,880),  stirring  after  each  addition,  until  the  pre- 
cipitate that  at  first  forms  is  dissolved.  Add  cyanide  of 
potassium  until  the  blue  color  of  the  ammonio-sulphate 
of  copper  disappears;  then  add  cyanide  of  potassium;  and 
work  the  solution  at  a  temperature  of  about  13(r  Fahr. 
A\'att  pronounces  this  "^  a  very  good  solution  for  coppering/' 

Gore  (Electro-metallurgf/^  1877,  p.  207)  dissolves  cya- 
nide of  copper  to  saturatitm  in  water  containing  about  2 
pounds  of  cyanide  of  potassium  to  tlie  gallon;  then  adds 
about  four  ounces  more  of  the  potassic  salt  per  gallon,  to 
form  free  cyanide.  Tliis  sohition  is  adapted  fur  electro- 
€30|jliering[  upon  zinc,  iron,  etc,  and  shoidd  be  used  at  a 
temperature  of  about  150^  Fahr. 
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Another  formula  recommended  by  the  same  authority 
as  a  good  depositing  solution  for  coating  hon  and  steel 
by  the  battery  process  (/</.  p.  208)  is  the  following,  viz. : 
Dissolve  ammoniuret  of  copper  in  a  solution  of  cyanide 
of  potassium.  Nine  hundred  or  1000  parts  of  water, 
containing  SO  parts  of  cyanide  of  potassium,  dissolves  40 
partes  of  the  blue  ammoniuret,  and  forms  a  colorless  liquid, 

Spencer's  solution  for  the  galvanic  deposition  of  copper 
on  iron  is  made  by  decomposing  a  solution  of  sulphate  of 
copper  in  water,  by  the  addition  of  a  solution  of  the 
acetate,  sulphate,  or  nitrate  of  ammonia.  Tliis  bath  is 
said  to  funiish  upon  iron  a  copper  deposit  of  any  desired 
tliickness. 

Under  the  head  of  Galtanoplasty  proper  we  shall 
refer  to  some  of  the  recent  improvements  introduced  for 
obtaining  copper  on  the  commercial  scale  by  galvanic 
precipitation,  the  continuous  production  of  heavily  coated 
steel  wires  for  telegiupliiu  and  other  pur|K>ses,  and  the 
like- 
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ELECTRO-BRASSING, 


Brass  deposits  are  miich  more  frequently  used  in 
art^  than    tliose  of  pure  copjier,     Bniss  is  prefem^d  for 
thctse  small  aiticles  of  iron  or  tine  which   are   made   in 
imitntiou  oJ^*  similar   ones  of  bmss,   which   are   more  ex*  fl 
|>ensive,     AVood-srrmvs,  hotiks,  riiig^  for  furniture    and       ' 
rurtnins  hooks  and  eyes  for  di-esses,  wires  of  all  sizes  for 
chaplets,  etc.  etc.,  are  made  of  iron  or  zinc  plated  with 
brass,  so  as  to  resemble  those  of  real  brass. 


ELECTROBRASSING. 


131 


Moreover,  all  the  manufacturers  of  bronze  composition^ 
lamps^  clocks,  criandelicrs,  statues,  and  other  articles  made 
of  zinc  or  cheai>  alloys,  hej^in  by  a  brass  deposit,  before  the 
bronze  composition  is  apiilied.  (For  hronziug  consult 
special  chapter.) 

Besides  the  fact  that  the  bronzing  operation  is  more 
easy  and  satisfactory  upon  a  brass  surlace,  there  is  also 
the  advantage  that,  if,  whether  purposely  or  by  constant 
use,  tlie  surface  of  the  object  becomes  abraded,  there  ap- 
pears the  handsome  yellow  color  of  the  underj>;roundj 
and  the  whole  piece  looks  as  il*  made  of  the  more  costly 
alloyi^  of  copper  and  zinc,  or  copper  and  tin. 

The  preliminary  and  finishing  operations  are  the  same 
for  brass  as  for  copper  deposits.  The  dis|>osition  of  the 
baths  and  apparatus  is  also  similar ;  the  formula:*  alone 
art*  different. 

Heat  is  st»ldom  employed  in  electro-brassing,  although 

it  is  preferred  by  thoHe  who  electro-plate,  with  this  alloy, 

iron  or  zinc  wire  in  coils.     Tlie  best  temperature  [or  this 

of  work  is  fouiul  tu  be  from  120*^  to  140°  Fahr.; 

d  the  coils  are  allowed  to  dip  into  the  bath  one-half  or 

two4hirds  of  their  diameter  only. 

The  bath  is  contained  in  a  sheet-iron  boiler  (Fig.  79), 

heated  either  by  direct  fire,  steam,  or  hot  water.     The 

wi^ide  is  lined  with  brass  sheets  connected  with  the  posi- 

^^e  pole.     A  stout  copper  or  brass  rod,  in  the  direction 

^f  tlie  length  of  the  boihT,  rests  upon  the  edges,  and  the 

'^Jitact  of  the   two   metals  is  prevented   by   interposed 

PitTes  of  India-rubl)er  tubing.      The  rod  is  connected 

^itli  the  negative  pole  by  a  binding  screw. 

The  binding  wire  is  removed  from  the  coils,  and  the 

_      ^'ireg  loosened  and  spread  out  as  seen  in  Fig.  80.     The 

■     ^^0  extremities  are  bent  together,  and,  with  a  stronger 

H    ^it^f  a  triangular  handle  is  formed  which  contains  the 
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with  wet,  sharp  sand  and  a  hard  brush,  the  coil  receives 
a  primary  dejwsit  of  pure  capper  in  an  apparatus  similar 
to  that  just  described.  It  is  then  carried  to  the  brassing 
bath,  and  suspended  therein  from  the  horizontal  rod.  In 
this  position,  only  a  part  of  the  coil  at  a  time  dips  into 
the  solution  and  receives  the  deposit,  which,  to  be  con- 
tinuous, requires  that  the  coil  be  turned,  now  and  then, 
one-half  or  one-fourth  of  its  circumference.  Experience 
has  demonstrated  that,  by  dipping  the  coil  entirely  into 
the  Uquid,  which  is  easily  done  by  giving  the  proper 
bends  (Fig.  82)  to  the  supporting  rod,  the  oiieration  is 
not  so  successfvU.  With  this  latter  disposition,  moreover, 
it  is  not  so  easy  to  spread  the  wires  upon  the  rod. 

Fig.  82. 


The  wires  are  washed,  dri<  d  in  sawdust,  and  tlien  in 
a  stove,  and  lastly  passed  through  a  draw-plate  in  order 
to  impart  to  them  the  fine  |>olish  of  true  brass  wire. 

Cop{x»r  and  brass  wires  are  also  covered  with  brass 
elect ro-de[K)sits,  in  order  to  give  them  various  shades. 
/The  brass  wires  of  J^ons  and  Germimy,  used  for  trim- 
mings and  epaulets,  are  thus  prepared,  either  preparatory 
to  gilding  or  silvering,  or  simply  to  arrive  at  special  shades 
more  pleasing  than  those  of  pure  copper  or  pure  brass. 
I'hese  wircvs,  passed  through  the  drawplate,  are  sold 
under  the  name  of  /ahe  gold.  1  It  is  evident  that  the 
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composition  of  the  brassing  bath  must  be  such  as  to  give, 
with  the  battery,  a  deposit  resembling  gold. 

Formulff  for  Brnminff  Baths. 

Disscjlve  together,  in  1000  parts  of  water,  25  parts  of 
sulplmte  of  copper^  and  '25  to  30  parts  of  sulphate  of  zinc; 

Or,  12^  parts  of  acetate  of  copper,  with  12^  to  15  parts 
of  fused  chloride  of  zinc ; 

To  which  add  a  solution  of  100  parts  of  carbonate  of 
soda,  which  immediately  produces  an  abundant  precipitate 
of  the  carbonates  of  copper  and  zinc,  which  is  allowed  to 
settle,  Wlien  the  precipitate  has  completely  subsided, 
decant  the  supernatant  litpior,  and  replace  it  by  fresh  ^M 
water  two  or  three  times,  after  as  many  settlings.  " 

Lastly,  pour  upon  the  precipitate  lOiH)  partn  of  water 
containing  in  sohition  100  ]>arts  of  carbonate  of  soda  and 
50  parts  of  bisul|>hite  of  soda ;  and  then,  wiiilc  stirring 
witli  a  ghiss  or  wooden  rod,  add  thereto  cyanide  of 
jwtassium  until  the  liquid  is  perfectly  clear,  or  at  least 
until  nothing  but  the  gmyish-bhick  iron,  often  found  in 
the  cyanide,  or  the  brown-red  oxide  of  iron  from  the 
sulphate  of  zinc,  remains  in  suspension.  An  additional 
quantity  of  from  2 J  to  3  parts  of  ordinary  cyanide  im- 
proves the  conducting  power  of  the  liquid. 

Other  tbrmidas  which  have  proved  satisfactory  in  regu- 
lar every-day  work,  are  given  herewith,  viz, ; — 

/Vrir  Farmula. 

COLD   BKA.^StNti    OATH   FOR  ALL  METALS, 

Ciirb«i>tttt*  of  eupjxT  (n-coiitly  prefuired) 
Carbonntt'  of  sine  (recently  jin*iiiiivti)  . 
Curboiuiit*  of  «todrt  (crys^iiUai) 
Bisulphite  t*fsod»i         ,          ,         ,          ^ 
Cyanide  of  poiiis^iimu  fuin*  . 
Ar^enioiw  iicid  (wliiu*  Hrjit'nic) 
Water 


I 
4 


10  parUt 
10     '* 
20    *' 
20    ** 
20    ** 

1000  parm 
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This  bath  is  prepared  as  follows : — 

Dissolve  in  200  parts  of  water,  15  parts  of  sulphate  of 
copper,  and  15  paits  of  crystallized  sulphate  of  zinc,  and 
add  a  solution  of  40  parts  of  earbonate  of  soda  in  100 
parts  of  water.  A  i^reenish  precipitate  of  mixed  carbon- 
ates of  cop|jer  and  zinc  is  iinnn^diately  formed,  wliich  is 
well  stirred  and  allowed  to  ileposit  for  several  hours. 
The  supernatant  liquid,  containing  sulphate  of  soda,  is  of 
no  value,  and  is  drawn  off,  and  replaced  by  900  parts  of 
water  in  which  are  dissolved  the  bisulphite  and  carbon- 
ate of  soda  of  the  formula.  Lastly,  dissolve  together  in 
the  remaining  1  fW  parts  of  warm  water,  the  cyanide  of 
potassium,  and  the  arsenioiis  arid,  and  pour  this  solution 
into  that  above  named,  which  is  rapidly  decolorized^  and 
forms  the  brassing- bath.     Filter,  if  necessary. 

The  presence  of  arsenious  acid  causes  the  deposition  of 
a  brilliant  alloy,  but  too  great  a  proportion  of  it  may  im- 
jmrt  a  white  or  steel-gray  color  to  the  metal ;  and  it  often 
happens  that  with  new  baths  the  first  articles  immersed 
in  them  receive  a  de|)osit  having  these  shades.  The  in- 
convenience is  sliglit,  however,  since  the  yellow^  color 
soon  predominates.  Brass  electro-platers  say  that  arse- 
nious acid  cleans  the  batlis,  liecause  it  prevents  deposits 
of  a  dull  color,  or  rather  because,  being  transformed  into 
arsenic  acid,  it  prevents  the  contamination  of  the  deposits 
with  the  oxides  of  copper  or  zinc.  The  arsenious  acid 
may  be  replaced  by  any  of  the  sohible  arsenites,  as  for 
exumpk*,  that  of  potassa,  soda,  or  ammoiua,  but  in  such 
case,  the  proportion  given  in  the  formula  must  be  douldrd. 
Thcftie  baths,  it  may  be  added,  act  with  greater  regidarity 
the  older  they  are,  and  the  more  frequently  they  have 
hetni  recharged  with  salts. 

The  batlis  for  electro-brassing  in  the  cold  are  generally 
kept  in  wooden  tanks  lined  inside   with  gutta-percha* 
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which  resists  their  action  for  a  long  time.  The  articles 
to  be  plated  are  suspended  from  copper  or  brass  hooks  to 
stout  rods  of  the  same  metal,  resting  crosswise  on  the 
rim  or  flange  of  the  tank,  and  communicating  with  the 
last  zinc  of  the  battery  (Fig.  83),  or  with  the  negative 

Fig.  83. 


pole  of  the  dynamo.  The  sides  of  the  tank  are  also  lined 
with  one  or  several  sheets  of  brass  (united  together),  and 
connected  with  the  last  carbon,  or  copper,  of  the  battery, 
or  with  the  positive  pole  of  the  dynamo ;  or  the  vat  is 
divided  into  several  compartments  by  plates  of  brass 
similarly  connected.  The  intensity  of  the  current  used  is 
regulated  by  the  surface  of  the  articles  to  be  electrtvplated. 
Theoretically  speaking,  such  a  hath  should  be  main- 
tained at  a  uniform  degree  of  strength  by  tlie  metal  dis- 
solved from  the  brass  anodes,  under  the  action  of  the  elec- 
tric current.     But  experience  shows  that  this  is  not  the 
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case,  and  that  the  proper  equilibrium  of  the  bath  must  be 
maintained  by  fresh  additions  from  time  to  time  of  copper 
and  zinc  salts,  and  arsenious  anid,  dissolved  in  cyanide  of 
potassium.  It  is  quite  impossible  to  state  the  necessary 
proportions  of  these  additions  for  maintaining  the  bath  in 
proper  working  order ;  and  the  intelligent  operator  must 
determine  what  is  needful  to  be  added  from  the  rate  of 
deposition,  the  color  of  the  deposit,  etc. 

If  the  deposition  be  too  slow,  he  will  try  whether  the 
bath  will  take  up  salts  of  copper  and  zinc,  without  the 
addition  of  cyanide. 

If  the  brass  deposit  has  an  earthy  and  ochreous  appear- 
ance, and  especially  if  the  bath  exhibites  a  bluish  or 
greenish  tint,  he  will  add  cyanide  of  potassium  until 
complete  decolorization  takes  places. 

If  the  deposit  be  didl  and  unequal,  a  small  quantity  of 
arsenious  acid,  dissolved  in  cyanide,  is  needed. 

If  the  deposit  be  too  red,  the  operator  will  add  some 
salt  of  zinc,  alone,  or  dissolved  in  cyanide. 

If  the  deposit  be  too  white,  or  of  a  gn:*enish- white  color, 
he  will  add  some  salt  of  copper,  either  alone  or  dissolved 
in  cyanide. 

Lastly,  when,  after  long  use,  the  bath  has  become  so 
overloaded  with  sidts  as  to  interi)ose  too  high  a  resistance 
for  the  free  passage  of  the  electric  current,  the  liquid  must 
be  diluted  with  water  until  it  works  satisfactorily.  The 
:::ific  gravity  of  a  brassing  bath  may  vary,  without  in- 
>nvenience,  from  5^  to  12°  oFKaume's  hydrometer. 

It  is  well  understood  that  the  pieces,  before  electro- 
brassing,  must  be  perfectly  cleansed  in  the  manner  indi- 
cated in  the  proper  place;  and  if,  notwithstanding  the 
proper  care,  the  brass  deptisit  be  unsatisfactory,  the  objects 
must  he  removed  from  the  bath,  rinsed,  scratch-brushed, 
and  again  placed  in  the  bath,  until  the  color  and  the 
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thickness  of  the  deposit  are  satisfactory,  Tliey  are  then 
scratch-brushed  anew,  and,  if  necessary,  rinsed  in  hot 
water,  dried  in  warm  white-^vood  sawdust,  and  put  iu 
the  stove-room.  The  hist  three  operations  are  indispens- 
able for  hollow  pieces. 

We  give  below  several  useful  formuhT?,  for  which 
Roselem-  is  authority,  and  which  are  based  on  the  use  of 
an  impure  cyanide  of  potassium. 

Second  Formula, 

BRABSIXG  BATH  FOR  WROUOnX  AND  CAST  IROK,  STEEL,  AND  TlBi. 

Dissolve  together,  in  800  parts  of  rain  water — 

Bisiiljiliite  of  soila 20  parts. 

Cyanide  of  iwlassium  (65  to  70  per  cent,  pure)      50     ** 
Carbonate   of  soda        .         .         .         ,         •     lOO     *" 

And  to  this  add  the  following  sohition : — 


Wuter  ,         •         .         , 

Acetate  of  copper 
ProMieliloHile  of  zinc  (neutral) 


2<K>  parts. 
1(1 


The  two  liquids  bt^come  colorless  by  their  admixture. 

Third  Formula, 
BRASSING  BATH  FOR  ZINC- 

DifttiHeiL  or  rain  wal«r  .         .         •         . 

Bisulpliite  of  soda  ..... 

Cyanide  of  potassium  (65  to  70  [i^rcent.  pur*.') 

To  which  add  the  following  solution  : — 

Water  .,,..,, 

Acetate  of  copper 

Cldoride  of  zinc 

Ammonia    ....,«. 

The  filtered  bath  k  colorless,  and  gives,  under  the 
action  of  the  current,  a  brass  deposit  of  a  very  fine  shade, 
which   may  be  made  to  vary  from  red  to  green,  by  in- 
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ereasing,  respectively,  the  proportion  of  copper  or  zinc. 
^The  anode  is,  of  course,  of  brass. 

The  difficulty  in  electro-brassingf,  especially  with  small 
baths,  lies  in  preserving  the  iinifonnity  of  the  color  of 
the  deposit.  It  will  be  understood  that  the  galvanic 
current,  having  to  decompose  simultaiieonsly  two  salts, 
eacli  offering  a  different  resistance,  must,  according  to  its 
intensity,  vary  ad  injinilnm  the  composition  and  the  color 
if  the  deposited  alloy.     It  will  be  found  in  practice  that 

feeble  current  decomposes  principally  the  copper  salt 
without  sensibly  attacking  that  of  zinc,  the  resulting 
deposit  being  reddish  ;  on  the  other  hand,  a  current  of  too 
great  intensity  decomposes  the  solution  of  zinc  too  rapidly, 
and  deposits  a  white  or  bluish-white  alloy. 

These  phenomena  arc  most  noticeable  in  newly  pre- 
pared baths,  and  it  is  not  uncommon  to  see  one  side  of 
an  object,  that  presented  to  the  anode  for  example,  covered 
with  a  fine  brass  deposit,  wtiile  the  opposite  face  has  a  red- 
dish color.  Tliis  is  an  indication  that  there  is  irregularity 
in  the  conducting  power  of  the  bath,  which,  however, 
corrects  itself  after  being  used  for  some  time. 
.  The  inconvenience  of  a  reddish  deposit,  due  to  a  want 
of  intensity  in  the  current,  may  be  remedied  either  by 
increasing  the  strength  of  the  current,  or  by  decreasing 
the  number  and  the  surfaces  of  the  objects  to  be  plated. 
On  the  contrary,  the  opposite  inconvenience  of  white  de- 
posits will  disappear  by  diminishing  the  strength  of  the 
current,  or  by  increiising  the  extent  of  the  surfaces  to  be 
covered. 

The  chamcter  of  the  deposit  may  also  be  modified  by 
substituting  for  the  brass  anode,  either  a  sheet  of  pure 
jpper,  or  one  of  zinc,  or  by  simply  hooking  one  of  these 
iheet^  to  the  brass  anode. 

A  bath  of  pure  cop[)er  will  be  transformed  into  one  of 
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brass  by  the  use  of  a  zinc  anode;  and  conversely,  an  elec^ 
tro-bath  of  brass  will  become  one  of  copper  in  the  pre- 
sence of  a  copper  anode. 

The  disposition  of  the  baths  for  brass-plating  will  vary 
with  the  nature  and  the  size  of  the  objects  to  be  plated ; 
but  it  is  always  well  to  have  all  the  articles  susjiended  at 
about  equal  distances  from  the  anode.  With  small  arti- 
cles, the  bath  may  be  subdivided  by  several  anodes  form- 
ing partitions,  as  in  Fig.  83,  page  136,  so  that  each  loaded 
rod  will  be  located  l)ctween  two  anodes,  or  in  a  separate 
bath  of  its  own.  These  anodes  shoidd  be  removed  when 
the  bath  is  not  in  operation.  Small  articles  which  can- 
not be  threaded  upon  a  wire,  like  nails,  wood-screws,  etc., 
are  plated  in  a  perforated  stoneware  ladle,  as  explained 
in  Chapter  X. 

In  order  that  the  electro-brassing  of  zinc  and  iron  shall 
be  sufficiently  lasting,  the  dejxisit  must  not  be  too  thin^ 
and  must  be  scratrh-brushed,  rinsed  in  water  rendered 
slightly  alkaline  by  quicldime^  and  thorouglily  dried  in  a 
stove.  Its  lustre  and  color  are  thus  enhanced.  But, 
generally,  and  especially  wheu  the  bronze  lustre  is  to 
be  imparted  afterwards,  an  immersion  of  trom  10  to  25 
minutes  in  the  brassing  bath  suffices. 

The  processes  recommended  for  electro-brassing  and 
bronzing  by  simple  immersion  are  not  altogether  satisfac- 
tory. Nevertheless,  a  color  resembling  that  of  brass  is 
given  to  small  articles  of  iron  or  steel,  by  a  long  stirring 
in  a  suspended  tul>  (see  Fig.  26,  page  57)  containing  the 
following  solution :  — 

Water 1000  parts. 

Sulplmte  of  eof>[jer       .  .  .  .         .     4  to  5    " 

Protocliloridti  of  tin  {crvsljillizeil)  ,  .      4  to  5    *' 

The  shades  may  be  modified  by  varying  the  proportions 
of  the  two  salts. 


4 
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addition  to  the  methods  named  above,  which  are 
those  recommended  by  Roselenr,  we  append,  for  the  in- 
formation of  our  readers,  a  number  of  formuhr  for  ek»ctro- 
brassing  >vhich  arc  approved  by  various  authorities,  and 
which  will  \w  found  uscfuL 

Dr.  Eraile  Winckler  {Nandhuch  d,  MetanUherzUffen^ 
227)  recommends  the  foltewing  procedure  for  eleetrcv 
brassing  zinc,  tin,  copper,  iron,  and  steel,  viz. :  Prepare 
a  saturated  solution  in  water  (in  separate  vessels)  of  chlo- 
ride of  zinc,*  and  of  sulphate  of  cojjper.  Prepare  a  sepa- 
rate solution  of — 


Cyanide  of  pot  iiss  ill  111 KHJ  partn. 

Wttier 1 001)     " 


»Add  the  cyanide  solution  to  thnt  of  the  Rilphate  of 
copjx^r,  in  sufficient  quantity  to  re-dissolve  tlie  cyanide  of 
copper  that  will  at  first  appear.  The  result  should  be  a 
|>erfcctly  clear,  grass-grwn  solution.  Into  tliis,  the  solu- 
tion of  zinc  chloride  is  gradually  introduced,  constantly 
stirring  with  a  glass  rod,  until  the  solution  exhibits  a 
white  turbidity. 

This  solution  is  diluted  with  2000  parts  of  ^vater,  heated 
to  boiling  in  an  enamelled  vessel  of  suitable  size,  then  al- 
lowed to  cool  and  filtered,  when  it  is  ready  for  use* 
■      The  bath  is  used  at  ordinaiy  temperatures,  with  a  brass 
"  anode,  and  the  articles,  properly  cleansed,  are  allowed  to 


*  Winekler*8  formula  crIIb  for  a  rlenr  solution  of  chloride  of  «nc, 

but  he  omits  !o  inform    the  opemlor    that  To  oblain  thia  it   will    b*3 

ijrcr^itkiiry  lo  acid  to  the  solution  i\  few    drops  of  hydrochloric  acid,  lo 

I  diMOlre  tlie  while  precipitatt^  of  Imsic  eatt,  which  is  invariahly  formed 

in  di^isoiving  this  salt  in  water,  or  on  diluting  its  eoncetHrtired  solu^ 

[  lidiu.     The  chloride  of  ^i tic  of  this   formula   may,  however,  he   dis- 

with,  and  the  sulphate   uined   in  its   place.     As   the   ^olphate 

*     r  solution  with  water,  it  may,  on   this  account,  be   found 

:       t  dome  ofjemtors. 
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remain  in  the  bath  until  a  sufficiently  heavy  coating  of 
brass  has  been  deposited,  A  deposit  of  the  thickness  of 
ordinarj"  \^Titing  paper,  will  stand  atmospheric  exposure 
very  well,  assuming  after  long  exposure  the  greenish  dis- 
coloration characteristic  of  genuine  bronzes. 
De  la  Salzede  dissolves — 

Carbonate  of  pota^ium  ....     610  parta. 

Chloride  of  copper  (cupric  cliloridr)       .         .       25     " 

Sulphate  of  zinc 48     " 

Nitrate  of  ammonium 305     ** 

Cyanide  of  poiasi?iym 12     " 

in  Water 5(H30     *< 

AVhen  filtered,  the  above  solution  is  ready  for  use- 
The  bath  is  used  with  a  moderate  current  and  a  brass 
anode.    The  deposited  brass  has  a  fine  color,  and,  when  a 

sufficiently  thick  coating  has  been  obtained,  the  articles 
are  removed  from  the  bath,  well  rinsed  m  water,  dried, 
and  polished.     Another  formula  of  the  same  inventor  has  ^ 
the  following  composition  : — 

Carbotiate  of  pota^aium          ....  ^00  partit. 

Cyanide  of  potMssium    ,         .         .         .          .  oO     " 

Sulphate  of  zinc    .         .         .         ,         ,         .  35     ** 

C'hh (ride  of  copper        *         •         ,         ,         .  15     ** 

Water 5000     *« 

A  bronzing  solution  is  prepared  by  Salzede  by  substi- 
tuting, for   the   sulphate  of  zinc  of  his   first   formula,  25 
parts  of  chloride  of  tin.      The  second   formula  may  be  H 
converted  into  a  bronzing  bath  by  substituting   12  parts 
of  chloride  of  tin,  in  place  of  the  zinc  salt.  ^ 

These  buths  are  apt  to  work  irregularly  after  some  ™ 
time,  by  reason  of  the  more  ready  solution  of  the  copper 
of  the  anode,  by  the  cyanide.  This  difficulty,  which  is  a  fl 
common  one  witli  brassing  baths,  is  referred  to  at  some  ■ 
length  later  on,  and  certain  suggested  remedies  are  " 
given. 
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Watt  {ElectrO'TnetaUurgy^  73  ei  seq.)  recommends  the 
foUowitig  bath : — 

Acetate  of  copper 5  ounces. 

Potassa  (caustic) 4^  [K>und8. 

Sulphate  of  zinc  ......  10  ounces. 

Aqua  ammonia 1  quart. 

Cyanide  of  potassium 8  ounces. 

He  dissolves  the  pulverized  acetate  of  copper  in  one- 
half  gallon  of  water,  adds  a  pint  of  the  ammonia,  then 
dissolves  the  sulphate  of  zinc  in  one  gallon  of  hot  water, 
and  adds  to  it  the  remaining  portion  of  the  ammonia, 
stirring  well  to  insure  its  thorough  mixture.  The  potassa 
is  then  dissolved  in  one  gallon  of  water,  and  then  the 
cyanide  in  the  same  quantity.  In  mixing  these  ingre- 
dients, he  recommends  the  following  order :  add  the  cop- 
per solution  to  that  of  the  zinc,  and  stir  into  it  the  solu- 
tions of  potassa  and  cyanide.  The  mixture  should  be 
thoroughly  stirred  and  allowed  to  digest  for  about  an 
hour,  with  occasional  stirring.  Before  using,  it  is  to  be 
diluted  so  as  to  make  eight  gallons  of  solution.  This 
bath  should  be  worked  with  a  moderately  strong  current 
and  a  brass  anode,  which  should  be  well  cleaned  before 
immersion.  Should  the  bath  be  found  to  work  slowly  or 
irregularly,  he  advises  the  occasional  addition  of  ammonia 
and  a  little  cyanide.  The  addition  of  about  an  ounce  of 
a  solution  of  arsenious  acid  and  strong  cyanide  from  time 
to  time  is  recommended  as  giving  a  brighter  and  less 
crystalline  deposit. 

Brunei,  Bisson,  and  Gangain  employ  the  following 
electro-brassing  bath : — 

Carbonate  of  potassium         ....  50  parts. 

Chloride  of  xsopper 2     " 

Sulphate  of  zinc 4     << 

Nitrate  of  ammonium 25     " 

Distilled  water 500     " 
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The  above  solution  is  filtered,  and  is  ready  for  use. 
The  bath  is  iis^'d  at  the  ordinary  temperature  with  a  brass 
anode.  To  convert  it  into  a  bronzing  bath,  tin  salt  is 
substituted  for  the  sulphate  of  zinc  of  the  above  formula, 
and  a  bronze  anode  for  that  of  brass. 
1  Walters  prefers  to  electrolyze  a  concentrated  solution 
of  cyanide  of  potassium  with  the  use  of  a  copper  anode.  I 
When  sufficient  copper  has  been  dissolved,  the  cop]>er 
anode  is  removed,  and  one  of  zinc  substituted  and  allowed 
to  remain  until  an  article  at  the  cathode  takes  a  deposit 
of  the  proper  color. 

Gore  {ElecirtHnetalhirgj/^  *279)  recommends  as  "  a  good 
sohition  for  brassing  by  mt^ans  of  a  separate  curreut,'*  the 


following  solution : — 

Aqua  ammonia  (strong) 
Cyanide  of  pota.*i<imii  » 
Water 


It  to  10  parts. 

IG  to  20     ** 
160     ** 


This  liquid  is  saturated  with  brass  by  means  of  the  cur- 
rent with  an  anode  of  brass,  and  is  used  at  boiling  tempe- 
rature, 

Morris  &  Johnson  employ  an  electro-brassing  bath  pre- 
pared as  follows.  It  may,  by  sidtable  modification  of  its 
constituents,  be  used  for  other  alloys,  and  may  be  used 
either  hot  or  cokb 


Carbonate  of  ammonium 
Cyanide  ot"  potjisi^itmi  . 
Cyanide  of  co|>[»er 
Cyanide  ot*  zinc    . 
Water  (dislllkd) 


50  parts. 
aO     ** 

6     '' 

3    « 

400     " 


By  electrolyzing:  a  solution  of  the  two  first-named  in- 
gredients, with  a  bmss  anode,  a  bath  capable  of  giving  a 
brass  deposit  will  also  Ix?  obtained,  if  the  action  of  the 
current  is  continued  until  sufficient  brass  has  been  dis* 
solved  from  the  anode. 
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As  before  remarked,  the  above  solution  may  be  used 
cold,  but  the  inventors  prefer  to  operate  at  a  temperature 
of  ai'i*^  Fahr.  When  depositing,  hydrogen  is  freely  libt»» 
rated  at  tlve  cathode,  and  the  brass  coating  may  be  mndc 
of  any  desired  thickness.  If  the  color  of  the  deposited 
metal  is  too  deep^  indicating  the  deposition  of  too  large  a 
proportion  of  copper,  the  inventors  recommend  the  addi- 
tion of  some  carbonate  of  ammonium;  if,  on  the  contrary, 
srinc  is  too  freely  deposited,  the  athlition  of  some  cyanide 
of  potassium  is  indicated. 

If  it  be  desired  to  obtain  metaUic  deposits  resembling 

ious  alloys  (argentan,  German-silver,  etc.),  it  will  be 
necessary  to  prepare  a  solution  of  carbonate  of  ammo- 
nium and  cyanide  of  potassium,  and  to  dissolve  in  this 
the  cyanide  of  nickel,  cyanide  of  zinc,  and  cyanide  of  cop- 
per in  suitable  proportions,  corresponding  to  the  alloy 
nKjuired,  and  to  submit  the  objects  in  this  to  the  action 
of  the  current,  using  a  German-silvrr  or  other  cljrrespond- 
ing  anode. 

Bacco's  procedure,  which  is  affirmed  to  produce,  upon 
zinc  articles,  an  adherent  coating  of  brass  that  will  even 
!itiind  burnishing,  and  which  may  be  obtained  either  by 
tdinple  immersion,  or  by  galvanic  means,  is  as  follow^s: 
He  prepares  a  solution  of  equal  parts  of  sidphate  of  cop- 
per and  sulphate  of  zinc,  in  water,  and  adds  thereto  a  suf- 
ficient quantity  of  solution  of  cyanide  of  potassium  to 
dissolve  the  precipitate  that  is  formed.  To  the  restdting 
fiolution  ^^  to  I  of  aqua  ammonia  is  added,  and  it  is 
then  diluted  to  8^  Baum6  with  water,  when  it  is  ready 
for  itm. 

For  a  light  colored  brass  deposit  the  relative  propor- 
tions of  metallic  salts  will  be — 


Sulphate  of  zinc  ♦ 
Sulpliiitif  of  copper 
10 


2  parts, 
1  {mrt. 
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The  zinc  objects,  previously  cleansed  by  scouring  with 
pumice  powder  and  water,  or  with  muriatic  acid  and  fine  ^| 
mx\i\,  and  then  rinsed  in  water,  are  at  once  suspended  in  ■ 
the  above  described  bath,  and  allowed  to  remain  for  24 
hours.  They  are  thereupon  taken  out  and  washeii  with 
water,  whereupon  the  deposit  should  appear  as  bright  as 
though  polished.  M 

By  omitting  the  zinc  salt  in  the  above  formula,  and  fol-  ™ 
lowing  the  same  method^  articles  of  zinc  may  be  copjiered  j 
by  simple  immersion.  H 

These  copper  or  brass   deposits  are  very  adherent,  and 
may  be  polished  cw  the  buffing  wheel,  or  burnished.     If    , 
this  solution  is  worked  i;iith   the  current,  copper  or  brass  ^ 
deposits  of  any  desired  thickness  may  be  obtained.     The  H 
copper-  or  brass-coated  articles  may  be  silvered  or  gilded. 

If,  instead  of  the  sulphate  of  zinc  of  the  formula,  2  parts 
of  chloride  of  tin,  and  1  of  chloride  of  copper  be  substi- 
tutetl,  the  resulting  metallic  dejxisit  will  have  the  appear- 
ance of  bronze.  In  this  case,  a  bronze  anode  must  be 
employed,  while,  it  is  scarcely  necessary  to  mention,  for 
brassiu«:»  u  brass  anode  will  be  used. 


4 


Newton  employs  for  his  elei'tro-brassing  solution  a  mix 
tiure  of  the  chloride  of  zinc  with  Uie  chloride  of  ammo- 
nium, smiium,  or  |x>t!issium,  dismlTed  in  water;  or  a  solu- 
tion of  the  acetate  of  ztur  with  the  acetate  of  ammonium, 
sodium,  or  potassium.  This  solution,  he  combines  with  a 
suitable  pro[H>rtion  of  the  wrrcsjKmding  salt  of  copjier ; 
t.  e.^  with  the  chloride  of  zinc,  he  uses  the  chloride  of  cop-  . 
per,  etc.  fl 

The  same  inventor  pn^jiarrs  a  bronzing  solution  by  dis-^ 
solving  the  douWe  tartrate  of  copju^r  and  potassium,  and 


the  double  tartntte  of  tin  and  pota^ium,  in  suitable  pro- 
portions, t  ither  with  or  without  the  addiUoa  of  caustic 
potassa*     For  deiKv^thig  au  alloy  of  copper,  tiu^  aad  iinc» 
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he  employs  a  bath  consisting  of  the  double  cyanide  of 
copper  and  potassium  in  combination  with  zincate  and 
stannate  of  potassium.  The  last-named  substances  are 
made  by  fusion  of  oxide  of  zinc  and  of  tin,  respectively, 
with  caustic  potassa. 

For  electro-bronzing,  Ruolz  dissolves  in  5000  parts  of 
water  sufficient  cyanide  of  potassium  to  make  a  solution 
of  the  density  of  4^  Baum6  at  the  ordinary  temperature. 
In  this  lie  dissolves,  at  a  t(mi[)erature  of  from  \2'}^  to 
15(r  Fabr.,  30  parts  of  dry  cyanide  of  copper,  and  10 
parts  of  oxide  of  tin.  The  resulting  solution  should  be 
quite  clear  before  using. 

Dr.  Eisner's  electro-bronzing  solution  is  made  by  dis- 
olving  60  parts  of  sulphate  of  copper  in  1000  parts  of 
rater,  and  adding  thereto  7|  to  10  parts  of  chloride  of 
zinc  dissolved  in  caustic  potassa.  This  solution  bronzes 
cast-iron  statuettes  quite  satisfactorily.  The  bath  is 
worked  with  the  currt^nt,  at  ordinary  temperatures,  using 
a  bronze  anode.  Cast-iron  objects  receive  a  matt  yellow- 
ish*broivn  deposit.  When  the  deposit  is  sufficiently 
heavy,  the  articles  are  removed  from  the  bath,  rinsed, 
dried,  and  polished  or  burnished. 

The  fact  has  been  mentioned  above,  in  connection  with 
this  subject,  that  a  current  of  too  great  intensity  decom- 
poses principally  the  zinc  of  the  solution,  depositing  a 
grayish  zinc  coating,  while,  on  the  other  Imud,  a  feeble 
current  affects  principally  tlie  copper  of  the  bath,  yield- 
ing a  reddish  deposit.  Iless  claims  to  overcome  this  diffi- 
culty by  his  method  of  procedure,  which  is  as  follows: 
He  prep*u*e8  a  solution  (Japing,  Die  Electrolyaey  etc,^ 
182) of— 


Blcnrbonate  of  sodium 
Chloride  of  ammonium 
Cyanide  of  pota^iriuim   . 
Water 


H4  parr** 
54     " 
13     •< 

2CK}0     ** 
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The  depositing  vat  is  lined  with  sheets  of  brass,  which 
serve  as  the  anode.  To  charge  the  sohitioti,  he  electro- 
lyses the  batli,  nsing  a  brass  plate  for  the  cathode. 
When  the  current  has  passed  for  about  an  hour,  it  is  in 
condition  to  use.  A  bath  thus  prepared  will,  according 
to  Hess,  dissolve  alloys  of  all  proportions,  so  that  every 
variety  of  copper-zinc  alloy,  each  with  its  chamcteristic 
color,  may  be  reproduced  in  it. 

Watt  {ElectrchmeiaJhtryy^  S3),  refeiTing  to  the  diffi- 
culty of  kee])ing  brassing  solutions  in  proper  working 
condition,  attributes  the  cause  to  the  fact  that  the  copper 
of  the  anode  is  more  readily  attacked  by  the  solution, 
while  the  zinc,  being  liable  to  be  converted  into  an  almost 
insoluble  salt,  either  remains  on  the  anode  in  thi^  form  of 
a  white  mass,  or  falls  to  the  bottom  of  the  bath,  but  a 
small  portion  of  it  entering  the  solution  ;  consequently^ 
the  bath,  instead  of  depositing  the  yellow  alloy,  deposits 
only,  or  chiefly,  copper.  To  correct  this  difficulty,  he 
recommends  the  addition  of  some  concentrated  zinc 
solution  ;  or,  of  strong  aqua  ammonia  in  large  quantity, 
w^hich  will  dissolve  the  zinc  precipitate  from  the  anode, 
and  from  the  bottom  of  the  batlt,  and  restore  the  solution 
to  good  working  condition.  At  the  time  of  adding  the 
ammonia,  he  recommends  the  addition  also  of  a  little  ad- 
ditional cyanide.  The  above  suggestion  may  be  modified 
by  separating  the  clear  liquid  from  the  precipitated  zinc 
salt,  treating  this  with  ammonia  and  cyanide,  as  above, 
until  it  has  dissolved^  and  adding  this  solution  to  the 
bulk  of  the  solution,  which  will  then  be  found  to  work 
properly.  Where  it  is  practicable,  this  last  plan  is  the 
preferable  one. 

The  following  practical  hints  from  the  same  author 
will  be  found  useful  to  remember;  viz.,  Iron,  lead,  zinc, 
tin,  and  alloys  of  lead,  etc,  will  not  all  receive  an  equally 
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good  coating  of  brass  if  placed  in  the  bath  at  the  same 
time.  ...  In  immersing  in  the  bath,  two  different 
metals,  as  cast  iron  and  zinc  for  instance,  the  zinc  would 
receivx*  the  deposit  at  once,  whilst  the  iron  would  not 
receive  the  smallest  amount  of  deposit.  Even  cast  and 
wrought  iron  require  to  be  coated  in  different  baths.  Iron 
and  zinc  require  different  degrees  of  battery  power  to 
effect  a  good  deposit  upon  them.  A  battery  which  would 
coat  zinc  well  would  not  cause  the  least  deposit  to  take 
place  upon  cast  iron.  Cast  iron  requires  a  solution  con- 
taining a  greater  percentage  of  metal  than  zinc  or  its 
alloys,  while  zinc  will  receive  a  good  deposit  when  but 


little  metal  is  in  the  bath. 


Wrout'ht-iron  work 


does  not  require  so  much  metal  in  the  bath  as  cast  iron. 
Lead  requires  a  bath  richer  in  metals  than  zinc  or  its 
alloys.  It  does  not  receive  the  deposit  as  favorably  as 
zinc,  but  pewter  receives  it  tolerably  well- 
In  another  place  we  shall  refer  to  certain  methods  in 
vogue  for  imparting  tin*  appearance  of  bronze,  etc.,  to 
metallic  surfaces  by  mechanical  or  chemical  means. 


CHAPTER  XII. 


t TINNING TINNING  BY  SIMPLE  IMMERSION ELECTttO-T INNING 
— ^TINNING   BY   CONTACT    WITH    ANOTUER    METAL — ^TINNED 
CAST  IHON. 
K                                      Tinning. 
It  has  already  been  said  that,  as  is  the  case  with 
popper  and  brass  deposits,  tinning  is  often  the  comple- 
ment of  the  deansirtg  process   for  certain   metals,  like 
wrought  and  cast  iron,  upon  which  the  more  precious 
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metals  are  to  be  deposited.  Wc  migltt,  therefore,  confine 
ourselves  to  the  tinning  of  cast  iron ;  but,  as  the  tinning 
of  a  nrnltitiule  of  different  articles  is,  at  the  present  time, 
an  important  industry,  we  believe  tliat  a  description  of 
all  the  operations  antl  processes  will  be  found  instructive 
and  useful, 

Tinoing  by  the  wet  way  is  effected  by  three  distinct 
methods ; — 

1.  By  kxchange,  tliat  is  to  say,  by  the  solution  in  a 
stannic  bath,  of  a  small  quantity  of  the  metal  immersed 
in  it,  which  displaces  an  equivalent  proportion  of  the  tin, 
and  which  deposits  itself  in  the  form  of  an  adherent  layer 
upon  the  other  metal.  This  process  does  not  give  suffi- 
ciently lasting  results,  and  is  but  a  kind  of  whitening  of 
the  object,  like  that  obtained  with  silver  and  gold  by  sim- 
ple immersion,  w  hich  will  be  described  further  on. 

2.  By  the  GALVANIC  AVAV,  that  is  to  say.  by  the  decom- 
position of  certain  tin  solutions  by  means  of  the  galvanic 
current.  This  mode  of  operation  is  similar  to  that  already 
described  for  copper  and  brass  deposits. 

3.  By  the  method  of  contact,  or  or  double  affinity; 
which  means  that,  by  immersing  at  the  same  time,  in  a 
tin  snlntion,  two  different  metals  kept  in  contact  with 
each  other,  zinc  and  iron  for  instance,  the  zinc,  instead 
of  becoming  tinned  as  by  the  first  method,  will  dissolve 
and  take  the  place  of  the  tin,  which,  in  its  turn,  will  be 
dej)0sited  in  a  uniform  and  adherent  coating  upon  the 
iron. 


i 


Tinning  Bath  (for  Iron)  hy  Simple  Immersion, 

This  process  is  of  little  importance  as  a  means  of  pro- 
tecting iron  against  oxidation,  since  the  layer  of  tin  is  a 
mere  film.  However,  it  may  be  useful  as  a  complement 
of  the  cleansing  process  and  as  a  preparation  for  a  thicker 
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coating  of  tin  to  be  subsequently  applied  by  one  of  the 
other  processes  to  be  described. 

For  the  preparation  of  this  bath,  dissolve,  with  the  aid 
of  heat,  in  a  large  enamelled  cast-iron  kettle,  in  2000 
parts  of  water : — 

Ammonia-alum SO  parts. 

Protochloride  of  tin  (fused)  ....         1  part. 

As  soon  as  the  solution  boi-ls,  the  objects  of  iron,  pre- 
\'iously  cleansed  and  rinsed  in  cold  water,  are  steeped  in 
it.  They  are  immediately  covered  with  a  film  of  tin  of  a 
fine  white  color  and  dead  lustre,  and  may  be  rendered 
bright  by  tumbling. 

As  it  becomes  spent  the  bath  is  maintained  at  the  pro- 
per strength  by  small  additions,  from  time  to  time,  of 
fused  protochloride  of  tin. 

This  bath  is  also  very  convenient  for  a  preliminary 
tinning  of  zinc;  but,  as  for  iron,  the  coating  is  too  thin  to 
be  resistant.  When  the  objects  thus  tinned,  or  whitened, 
present  considerable  surface,  they  are  brightened  by 
scratch-brushing. 

For  tinning  zinc  by  simple  immersion,  the  ammonia- 
alum  may  be  replaced  by  any  other  alum,  and  even  by 
the  sulphate  of  aluminium ;  though  experience  proves 
that,  for  wrought  and  cast  iron  and  steel,  this  substitu- 
tion is  objectionable. 

If  it  is  desired,  with  the  above  solution,  to  tin  other 
metals  than  zinc  or  iron,  we  must  have  recourse  to  the 
batter5\  Roseleur,  however,  prefers,  for  this  purpose,  cer- 
tain special  solutions,  the  description  of  which  will  follow. 

More  recently  the  following  modified  formula  has  been 
proposed,  especially  for  small  objects,  viz. : — 

Ammonia-alum 50  parts. 

Protochloride  of  tin 3      " 

Water 1000     " 
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The  articles  are  immersed  in  tliis  bath  at  a  boiling 
teoiperatiire.  Tin  salt  sliould  b<?  added,  from  time  to 
time,  as  the  solution  becomes  weakened. 

According  to  Koseleiir,  zinc  may  be  tinned  with  a  thin 
coating,  by  the  siraph:'  immersion  process,  by  the  use  of  a 
bath  composed  of  5  parts  of  pyrophosphate  of  sodium  and 
1  part  of  protochloride  of  tin,  dissolved  in  3()()  parts  al 
distilled  water.  This  bath  will  be  referred  to  in  another 
place. 

A  method  of  immersion  tinning,  descrilx?d  by  Roseleur 
as  ^'whitening"  by  tin,  whicli  has  bcM?n  pnictised  from 
time  immemoriul,  for  obtaining  a  thin  coating  of  tin  upon 
pins,  nails,  and  other  small  articles  of  brass  and  copper, 
consists  of  disposing  tho  articles  in  a  cop[M?r  trongh  in 
layers  between  sheets  of  tin,  in  sueli  a  manner  that  each 
layer  of  the  articles  shall  lie  lK?tween  two  plates  of  tin ; 
then  covering  the  charge  with  a  saturated  solution  of 
cream  of  turta'r^  and  iMiiling. 

This  process,  it  will  he  observed,  is  adapted  only  for 
articles  of  brass  or  copijcr.  Articles  of  iron  and  steel 
may  be  treated  in  the  same  manner,  however,  if  given  a 
pre^  ions  coating  of  copix*r,  by  one  or  the  otlier  of  the 
methods  previously  descrilx'd.  The  addition  of  a  small 
quantity  of  protochloride  of  tin  to  the  solution  may  faci- 
litate its  operation.  Instetttl  of  sheets  of  tin,  grain  tin 
may  be  used,  arrangetl  in  layei's  U|xm  copper  or  brass 
gauze,  alternating  with  the  articles  to  Ix?  coated.  The 
process  is  only  adapted  for  small  articles,  and  the  tiuuhig 
takes  place  rapidly. 

Liidersdorff  employs  for  simple  immersion  tinning  of 
zinc  wares  (Winckler's  Handb,  d.  MciaflUberziigen^  267) 
a  bath  composed  of — 

Cream  of  iMrtar  (bitartrate  of  poUi.^siuin)        •     2  |mrts« 
Chloride  of  tin  (Kriuiine  clilorulu)  .         ,     2     " 

Water  .         .         .  •         ,      4  to  5     ** 


4 

I 

I 


I 


This  mixture  is  heated  to  about  170*^  Fah.,  to  promote 
its  solution.  LiidersdorfF  prefers  stannic  chloride  to  the 
stannous  salt,  for  the  reason  that  the  latter  deposits  the 
metal  in  the  form  of  a  black  powder  in  tlie  zinc,  when- 
ever the  bath  accpiires  a  certain  degree  of  eoncentnition. 
To  coat  zinc  articles  with  t!ie  above-named  bath,  they 
are  eitlier  simply  immersed  in  it  for  several  hours,  at  the 
end  (»f  which  time  they  will  be  found  to  have  taken  on 
a  grayish  appearance,  when  tliey  are  to  be  removed, 
scoured,  without  previously  drying,  with  a  mixture  of 
fine  sand  and  clay,  until  they  exhibit  the  proper  lustre, 
\vhen  the  operation  is  complete;  or,  instead  of  immersing 
the  articles  in  the  bath,  they  may  be  scoured  w^ith  it. 
To  do  this,  sufficient  fine  sand  is  added  to  the  liquid,  to 
form  a  thin  mush,  with  which  the  articles  are  scoured  or 
brushed.  We  shall  refer  again  to  this  process  in  con- 
nection w'ith  tinning  by  contact  with  anotlier  metal. 

The  xinc  articles  must,  before  tinning,  be  thorougldy 
freed  from  oxide,  for  whicli  purpose  I^iidersdorff  recom- 
mends a  pickle  composed  of — 

Nitric  acid  of  36     B 2  jmrt!*. 

Sulpliiirif  ncid  (fonc*)  .         .  ...      I  |mri. 

DiliHetl  with  wuter        ,  ♦  .  ,  .3  piirU. 

The  zinc  articles  are  dipped  into  this  pickle  for  a  few 
seconds^  then  passed  at  once  through  several  wash  waters, 
and  finally  drietl  in  sawnhist.  If  the  surface  does  not 
apiiear  perfectly  white  and  brilliant,  the  operation  must 
be  re(x*ated.  For  large  objects  of  zinc,  whicli  cannot 
be  well  cleansed  in  this  powerful  acid  dip,  Liidersdorft' 
recommends  ammonio-fjotassic  tartrate,  which,  be  alleges, 
will  dissolve  the  grayisli  film  of  oxide  from  the  zinc,  with- 
out attacking  the  metal  The  article  s  must  be  left  for 
some  time  in  contact  with  tliis  solution,  when  they  may  be 
removed  and  washed  in  water. 
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The  ammonio-potassic  tartrate  may  be  prepared  by 
heating:  to  about  170^  Fah.,  in  a  suitable  vessel,  1  part 
of  hitartmte  of  potassium  (cream  of  tartar)  dissolved  in  4 
parts  of  water,  and  adding  to  this,  in  small  portions  at  a 
time,  coarsely  powdered  carbonate  of  ammonium,  with 
constant  stirring,  luitil  a  fresh  portion  of  the  ammonium 
salt  fails  to  cause  anv  effervescence. 

Accordinf^  to  Gore  (^Elertro-MetaJIurgj/^  2fi5),  clean 
articles  of  copper,  brass,  or  bronze,  in  contact  with  cut- 
tings of  tin,  in  a  boiling  solution  of  peroxide  of  tin  in 
caustic  potash,  become  coated  in  a  few*  minutes  with  a 
beautiful  laver  of  metal. 


Electro-  Tanning,  a^ 

Electro-deposits  of  tin  may  be  obtained  w*ith  a  variety 
of  tin  solutions;  and  the  results  are  more  or  less  satisfac- 
tor)^^  and  the  methods  more  or  less  practical,  as  regards 
the  facility  of  the  operation,  its  cost,  the  strength  and  tlie 
beauty  of  the  tinning.  There  is,  however,  but  little  de- 
mand for  electro-tinned  articles,!  and  consequently  but 
little  industrial  importance  is  attached  to  these  processes. 

The  bath,  which  Koseleur  recommends  as  uniting  in 
the  highest  degree  all  tlie  advantages  desired  by  the 
operator,  is  composed  of — 

Ruin  (or  fiistilled)  waier /iOOO  parte. 

Pyropliotipliate  of  8rMli*im  (or  ^wriistiium)       .  •       ^0     ^* 

Protocbloride  oi' tin  (stimiious  flitorid*^)  cryslalliztfd  G     »* 

Or,  preferably,  5  partes  of  the  tin  salt  fused,  in  order  to 
have  it  free  from  an  excess  of  acid. 

Tiie  water  is  j)ut  into  a  tank  entirely  lined  with  plates 
or  anodes  of  tin,  united  together  and  connected  with  the 
jiositive  pole  (carbon  or  copper)  of  the  battery.  The 
pjTophospliate  of  sodium,  or  potassium,  is  next  introduced 
and  stirred  in,  and  when^dissolved,  the  protochloride  of  tin 
is  placed  in  a  sieve  of  copper  half  immersed  in  the  solu- 
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tion.  A  milky-wliite  preripitate  imniediatdy  forms,  which 
disappears  Vy  continued  agitation.  When  the  liquid  has 
become  clear  and  colorless,  or  only  slightly  yellow,  the 
tinning  bath  is  ready,  and  we  have  only  to  dispose  upon 
transverse  metallic  rods,  connected  with  the  negative 
pole,  the  pre\ionsly  cleansed  objects  to  be  tinned. 

The  anodes  alone  w  ill  not  suffice  to  keep  the  bath  satu- 
rated, and  w^hen  the  deposit  takes  place  slowly,  it  liecomes 
necessary  to  add,  in  small  portions  at  a  time,  a  mixture 
of  equal  parts  of  tin  salt  and  pyrophosphate.  The  solu- 
tion of  these  salts  should  always  be  made  with  the  aid  of 
the  sieve,  since,  if  fragments  of  protocliloride  of  tin  were 
^  to  fall  to  the  bottom  of  the  l>ath,  tliey  would  l)erome 
^L^overed  with  a  difficultly-soluble  crust  preventing  their 
^H^ilution. 

^m  The  tinning  thus  produced  upon  any  kind  of  metal, 
^r  and  with  equal  fticility,  is  quite  resistant,  and  has  a  white 
B  color  and  dead  lustre  resembling  rlectro-deposited  silver. 
B  A  bright  lustre  will  be  obtained  witlj  tin-  s(*rutcli-brush, 
or  the  burnisher.  The  reduction  of  these  baths  requires 
quite  an  intense  current,  and,  as  above  indicated,  a  large 
surface  of  anode. 

T.  Fearn  has  ]>atented,  in  England,  a  number  of  solu- 
tions for  the  deposition  of  tin  by  the  galvanic  method* 
Of  these,  the  first  two  of  those  about  to  be  described,  n\> 
pear  to  be  best  adapted  for  the  purpose,  Fearn  s  process 
is  r(*ported  by  Gore  to  he  in  use  in  Birmingham,  Eng., 
by  the  4  FJectro-Stannous  (V>mpany.'' 

The  inventor  dissolves  150  pounds  of  sal-ammoniac  in 
100  gallons  of  water,  and  pours  into  it  200  fluidoiuices 
of  solution  of  tin  salt  (stannous  chloride),  containing  3 
ounces  of  metallic  tin  to  the  gallon.  The  mixture  is 
well  stirred.  It  is  worked  at  a  temperature  of  70^  Fah., 
with  a  current  of  moderate  intensity  with  a  tin  anode, 
which  it  dissolves  freely. 
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Anotlier  electro-tinning  bath  of  the  same  inventor  is 
prepai^^l  by  dissolving  400  ounces  of  tartrate  of  potassinm 
in  50  f^alhms  of  water,  and  in  another  50  gallons  of  water 
1200  ounces  of  solid  caustic  potassa;  600  fluidomices  of 
the  tin  salt  solution  of  above-named  strength,  are  tlien 
gradually  added,  with  stirrin;^,  to  the  tartrate  solution  ; 
and,  finally,  the  potassa  solution  is  poured  into  the  mix- 
ture, and  the  whole  thoroughly  agitated  until  the  preci- 
pitate dissolves  and  a  clear  solution  results.  This  solution 
may  be  worked  in  the  cold,  and  yields,  on  metal  surfaces, 
a  thick  deposit  of  tin,  without  requiring  alternate  depo- 
sition and  scratch-brushing.  The  anode  does  not  suffice 
to  keep  the  bath  saturated,  more  tin  being  deposited  than 
is  dissolved  in  a  given  time,  so  that  to  keep  up  its 
strength,  occasional  additions  of  the  oxide,  or  other  com- 
pound of  the  metal,  must  be  made, 

Anotlier  of  Feanrs  electro-tinning  batlis  is  made  by 
dissolving  56  pounds  of  sal-ammoniac  in  60  gallons  of 
water,  and  20  pounds  ot*  pyrophosphate  of  sodtimi  in  40 
gallons  of  water.  To  this  last  solution  are  added  UK)  fluid- 
ounces  of  tin  salt  solution  of  above-named  strength.  The 
mixture  is  stirred  imtil  the  resulting  precipitate  is  dis- 
solved, and  the  sal-ammoniac  solution  is  ^Klded,  with  stir- 
ring, to  the  mixture.  This  bath  is  directed  to  be  worked 
at  a  temperature  of  100^  to  110^  Fah,,  with  a  moderate 
current  ond  a  tin  anode.  Its  metallic  strength  must  be 
maintained  hv  occasional  additions  of  oxide,  or  other  com- 
pound  of  tin.  Cast-iron  articles  require  to  be  coppered 
previous  to  being  tinned  in  these  baths. 

Joseph  Steele  effects  the  electro*deposition  of  tin  upon 
zinc,  iron,  steel,  copper,  mid  brass,  with  a  moderately 
strong  solution  of  oxide  of  tin  in  a  mixture  of  soda  (of 
commerce)  and  caustic  potash  dissolved  in  water.  To 
this  he  adds  a  small  quantity  of  cyanide  of  poUissium  and 
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acetate  of  zina     The  bath  is  worked  at  75®  Fah.,  with 
a  tin  anode. 

Dr.  Eisner  (Japing,  Die  Ehctrolyse^  264)  prepares  an 
electro-tinning  bath  by  dissolving — 


C'lilorick  of  tin  (Mlantiic  cljlorij*-^) 
Water 


30  parts. 

1250     *• 


8  parls. 
1  (]     '* 


and  adding  thereto  a  concentrated  aqueous  sohition  of 
caustic  potassa,  nntil  tlie  white  precipitate  of  hydrated 
oxide  of  tin  that  is  formed  at  first  is  fompletely  dissolved. 
The  bath  is  used  at  ordinary  temperatures  with  a  mode- 
rate current  and  a  tin  anode. 

For  electn>tinning  hoHow-ware  (kitchen  utensils), 
Winckler  {Handh.  d,  MetnUiiberziigen^  266)  employs  a 
bath  composed  of — 

Prntot*|jUiritlt*  of  tin  (stanfioiis*  el»loriil*») 
Perchloriile  of  tin  (Mtiunit:  chloride)    . 
Bi tartrate  of  [jotassium 

dissolved  in  water.  By  simply  heating  the  articles,  the 
tin  coating  assumes  the  proper  lustre, 

For  coating  lead  with  tin  by  galvanic  means,  Munro 
preeipitati:*s  a  soiutiun  uf  tin  salt  with  carbonate  uf  sodium 
solution,  and  dissolves  the  precipitate  in  dilute  sulphuric 
acid.  The  sulphate  of  tin  thus  formed  constitutes  the 
bath,  in  which  the  lead  articles  are  siis|7euded  in  the  usual 
manner,  a  plate  of  tin  serving  as  the  anode. 

For  the  same  purpose  (electro-tinning  k*ad)  Alfred  Cox 
recommends  a  bath  prepared  by  precipitating  a  concen- 
trated solution  of  commercial  tin  salt  with  phosphate  of 

ium.  The  well-washed  precipitate  is  dissolved  in  con- 
isentrated  solution  of  caustic  soda,  to  which  about  5  |>er 
cent  of  ammonia  has  lx*en  added.  The  resulting  solu^ 
tion,  diluted  witli  water,  constitutes  the  electro-tinning 
bath. 
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Numerous  other  methods  for  electro-tinning  have  been 
recommended,  but  this  method  of  depositing  tin,  as  above 
remarked,  possesses  no  industrial  importaucej  because  of 
tlie  ease,  rapidity,  and  cheajme^^s  with  which  articles  of 
iron  and  copper  are  coated  with  tin  by  simple  immersion 
in  a  bath  of  the  metal  in  a  melted  state.  This  method 
of  tinning,  which  is  exclusively  adopted  for  tinning  sheet- 
iron,  and  largely,  also,  for  tinning  cast-iron  hollow-ware 
(kitchen  utensils),  will  be  described  in  a  separate  chapter. 

Tinning  by  Contact  with  another  Metal, 

.  A  bath  suitable  for  tinning  may  vary  greatly  in  its  com- 
l)osition ;  however,  we  give  below  .two  formubr  which 
may  be  depended  on  to  give  rapid  and  reliable  results. 
Roscleur  expresses  his  preference  for  the  second  formula. 

First  Formtda, 

Drslilled  water SOOO  part^. 

Bitartmte  of  |>otiissinm  (cream  of  tartar)       .       30     ** 
ProtoeiiloriUe  of  tin  (5<farini>us  cbloridt:)  .         3     ** 

The  powdered  cream  of  tartar  is  dissolved  in  2000 
parts  of  warm  water,  and  the  tin  salt  in  1000  parts  of 
cold  water.  The  mixed  solutions  form  a  clear  liquid  of 
strongly  acid  reaction,  which  constitutes  the  bath. 

Seco  nd  Fi}  r  m  u  la , 
Dislillcfl  water      ,..,,. 
Pjropho^^plmte  of  potfispa  (or  soda) 
ProtocJilonde  of  tiii^  crystal li^ed  (/.  e.,  acid) 
Or,  the  same,  fused  (i.  e.,  neutml)  <         • 

The  whole  is  dissolved  at  the  same  time  upon  a  metal 
lie  sieve,  and,  after  stirring,  there  results  a  clear  liquid 
which  constitutes  the  bath. 

These  solutions  may  be  kept  in  a  cask  open  at  the  top. 
This  cask  or  tank  (Fig.  84)  receives  at  its  lower  part  two 
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superposed  tubes  communicating  with  a  small  boiler 
built  below  the  level  of  the  bottom  of  the  tank.  The 
tube  A^  starting  from  the  bottom  of  the  tank,  reaches 
nearly  to  the  bottom  of  the  boiler;  on  the  other  hand, 

Fig.  84. 


the  upper  tube  J5,  distant  three  or  four  inches  from  the 
bottom  of  the  tank,  communicates  with  the  top  of  the 
boiler ;  lastly,  a  third  tube  aS,  open  above,  is  provided,  to 
act  as  a  safety-valve,  and  prevent  an  explosion,  should 
there  occur  an  obstruction  in  either  of  the  other  tubes. 

It  will  be  readily  understood  that,  with  such  a  disposi- 
tion, and  with  the  boiler  and  tank  filled  with  liquid,  as 
soon  as  heat  is  applied,  the  expanded  and  lighter  liquid 
will  rise  through  the  pipe  J5,  while  the  colder  and  denser 
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liquid  will  enter  the  boiler  through  the  pipe  A.  A  con- 
tinual cirrulation  is  thus  established^  which  is  not  only 
satisfactory  as  a  means  of  heating,  but  also  keeps  up  a 
constant  agitation  of  the  contents  of  the  bath,  and  mixes 
the  impoveriHlied  lighter  portions  with  the  richer  and 
denst*r  ones.  A  small  quantity  of  water,  or  mercury,  is 
introduced  into  the  upper  branch  of  the  tube  5',  to  prevent 
the  escaiK*  of  tlie  *iteam. 

Liu'j^e  pieces,  like  cast-iron  kitchen  utensils,  are  simply 
cleansc^d  and  rinsed,  and  drop})ed  into  the  bath  with  a 
few  fragments  of  zinc.  It  is,  however,  preferable  to  use 
spirals  of  zinc^  since,  having  fewer  points  of  contact  with 
the  articles  to  be  tinned,  they  lessen  the  risk  of  spotting 
them.  On  an  average,  the  surface  presented  by  the  zinc 
introduced  into  the  bath  should  be  the  thirtieth  of  that 
of  the  tinned  articles* 


V 


If,  on  the  other  hand,  we  wish  to  tin  very  stnall  ob- 
jects, such  as  pius^  uaiK  hoicks,  etc..  we  dispose  them  in 
layers,  siiy,  HlH>ut  an  inch  thick,  x\\h\xi  fierfoniteil  trays  of 
zinc,  which  allow  of  the  cinnihiliiHi  of  the  liquid,  and 
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which  are  provided  with  a  rim  to  prevent  the  objects 
from  falling  off.  These  trays  (Fig.  85)  are  suspended  in 
the  bath  from  chains,  one  of  which  carries  a  numbered 
tacr,  by  whicli  each  one  may  be  identified  and  removed 
from  the  batli  in  its  proper  order. 

From, time  to  time,  the  surfaces  of  these  zinc  trays  must 
be  scraped  and  cleaned  to  remove  the  wliite  incrustation 
which  forms  upon  tliem,  nnd  wliich  prevents  metallic 
contact  with  the  articles  to  be  tinned. 

The  length  of  the  operation  may  vary  from  one  to 
three  hours.  Then  all  the  objects  are  removed,  and  25 
parts  of  pyrophosphate,  and  as  much  of  fused  protochloride 
of  tin,  are  introduced  into  tlie  bath. 

During  the  time  the  solution  of  these  added  salts  is 
taking  place,  the  large  articles  are  scratch-brushed,  and 
the  small  ones  moved  about  with  a  suitable  fork  in 
order  to  change  the  points  of  contact.  The  objects  are 
then  again  steeped  in  the  bath  for  at  least  two  hours. 
/These*  two  immersions,  and  this  length  of  time,  are  neces- 
irj*  for  good  tinning.  Finally  the  large  pieces  are  again 
scratch-brushed,  and  the  small  ones  rendered  bright  by 
turnVding  by  one  of  the  methods  previously  described. 
The  operation  is  ended  by  drying  them  in  dry  and  warm 
•sawdust. 

Should  it  be  observed  that  the  tin  deposit  is  gray  and 
didL  although  abimdant,  the  bath  should  be  recharged 
once  or  twice,  with  the  crystalHzed  protochloride  of  tin. 
If.  on  the  contrary,  the  deposit  is  very  white  but  blistered 
and  without  adh(;'rence  or  thickness,  the  acid  salt  must 
be  replaced  by  the  fused  one.  In  this  latter  case,  the 
proportion  of  tin  salt  may  be  diminished,  and  that  of  the 
pyrophosphate  may  be  increased. 

As  much  of  the  success  of  the  opemtion  dejiends  upon 
the  quality  of  the  pyrojihosphate,  we  shall  indicate,  in 
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the  brief  treatise  on  vh 
tlie  process  of  obtainin 


eiiiistn^  at  the  end  of  this  work, 
1  satisfactor>'  form. 


When  this  tinning:  bath  has  been  worked  for  a  long 
time,  the  Uqnid  shoidd  be  decanted  to  separate  the  pyro- 
phosphate of  zinc  that  has  formed.  And  when,  after 
several  years,  the  bath  is  entirely  spent,  from  the  profonnd 
alteration  of  its  salts,  it  shoidd  be  put  aside  in  suitable 
vats  jirovided  for  the  pur]iose  and  called  preserving  \'ats, 
go  ciiUed  because  it  is  customary  to  temporarily  preserve 
in  themj  after  cleaning,  the  articles  to  be  tinned. 

Zinc  is  well  tinned  in  a  similar  bath,  but  the  propor- 
tions should  be  modified  as  follows ; — 


Di&tilleil  water 
PyrupIiospluUe  of  sofHuDi 
Prototihloride  of  tin  (fused) 


300  parts, 
1  part. 


"Willi  this,  a  thin  coating  of  tin  may  be  obtained  by 
simple  inunersion,as  noticed  xmder  that  heading,  and  one 
of  any  thickness  by  the  aid  of  the  battery. 

F.  Weil's  process  {Chemical  Neics^  xiii,  2)  consists  in 
preparing  a  solution  of  a  tin  salt  in  strong  alkali  (soda 
or  potassa),  in  which  he  immerses  the  articles  in  contact 
with  zinc.  This  bath  is  used  hot,  and  may  be  used  for 
tinning  on  copper,  and  also  on  iron  and  steel.  In  order 
to  obtain  a  heavier  deposit  free  from  zinc,  with  which 
that  above  named  is  apt  to  be  contaminated,  the  same 
inventor  recommends  placing  in  the  vessel  containing 
the  tin  sohition,  a  porous  cell  containing  the  alkaline 
lixivium  and  the  metallic  zinc.  The  article  to  be  tinned 
is  suspended  in  the  outer  liquid,  and  connected  with  the 
zinc  in  the  porous  cell  by  means  of  a  conducting  wire. 

Hcillier  (Moniteur  Seienf.,  July  15,  1H(>9)  employs  a 
solution  made  by  dissolving  1  part  stannous  chloride  in 
10  parts  of  water,  to  which  be  adds  a  solution  of  2  parts 
caustic  soda  in  20  of  water.     The  solution  is  used  hot. 


TINNING.  163 

the  articles  to  be  tinned  being  placed  on  a  perforated 
plate  of  block  tin  in  the  hot  solution,  and  moved  about 
with  a  rod  of  zinc  until  sufficiently  coated. 

Another  method  of  general  utility  consists  in  immers- 
ing the  well-cleansed  metallic  articles  in  a  bath  composed 
of— 

Bicarbonate  of  potassium       ....         8  parts. 
Protocbloride  of  tin  (stannous  chloride)         .         2     << 
Water 1000     " 

Fragments  of  zinc  are  then  introduced  into  the  bath, 
and  the  articles  receive  a  very  uniform  coating  of  tin. 

To  tin  articles  of  zinc,  Hess  (Winckler,  Handh.  d. 
Metalluherzugen)  allows  them  to  remain  for  a  quarter 
to  a  half  hour,  in  a  boiling  solution,  composed  of — 

Phosphate  of  sodium 50  parts. 

Sal-ammoniac 50     *< 

Bicarbonate  of  sodium  .  .  .  .  25  " 
Tin  salt  (stannous  chloride)  .  .  .  .  25  *< 
Water 1000     " 

In  this  bath,  some  fragments  of  pure  zinc  are  likewise 
placed. 

Prof.  Fz.  Stolba  {Dingler^s  Polyiechnischea  Journal^ 
cxcviii.  308)  uses,  for  tinning,  a  5  or  10  per  cent,  solution 
of  tin  salt  (stannous  chloride)  to  which  a  small  pinch  of 
cream  of  tartar  (potass,  bitartrate)  has  been  added.  The 
well-cleansed  article  is  first  rubbed  with  this  solution, 
and  then  with  zinc  powder ;  then  washed  and  polished. 

Urquhart  {Electro- Plating^  207)  recommends  the  ope- 
rator to  prepare  a  saturated  solution  of  the  double  chlo- 
ride of  tin  and  sodium  in  water,  and  to  dilute  this  with 
twice  its  bulk  of  water.  The  articles  to  be  tinned  should 
be  placed  in  a  tray  or  basket  of  zinc  and  immersed  in 
this  solution,  or  otherwise  immersed  in  contact  with  zinc. 
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CHAPTER  XIIL 

GILDING GILDING   BT   SI>fPLE   IMMERSION — PREPARATION   OF 

SLUPLE  IMMERSION  GILDING  BATHS COLORING  PROCESS. 


GUdi 


ng. 


Gilding,  in  the  arts,  may  be  executed  by  two  verj'  dis- 
tinct metliods :  The  wet  and  the  dry  way. 

Tlie  first  method  appears  to  be  the  only  one  needed  in 
this  work,  but  the  recent  demand8  of  tlic  trade,  which 
often  rcqniresi  the  two  kinds  of  giUHng  upon  the  same 
piece,  render  it  necessary  for  us  to  give  some  information 
npon  what  are  called  the  '"  okl  processes." 

Gilding  by  the  wet  way  is  effected  either  by  means  of 
simple  chemical  reactions,  and  receives  then  the  name  of 
immersion'giMing  ;  or  with  the  aid  of  electricity,  when  it 
is  called  gilding  by  the  battery^  electro-gihling^  or  gold 
eJeciropItitiitg, 

Gilding  hy  dipping,  or  simple  immersion,  has  great 
analogy  with  the  okl  processes  caHed  gilding  by  stirring, 
with  the  rag,  with  the  cork,  etc.,  according  to  the  mode  of 
operation,  all  of  which  result  in  producing  mere  films  of 
gold  without  either  firmness  or  lasting  properties. 

Electro-gilding,  on  the  contrary,  corresponds  with  the 
old  process  of  gilding  by  fire,  or  mercury.  The  thickness 
of  the  deposit  is  entirely  in  the  control  of  the  operator; 
but  it  must  be  admitted  that,  notwithstanding  certain 
advantages  possessed  by  the  method,  electro-gilding  is, 
even  at  the  present  day,  far  inferior  to  fire-gilding  in 
respect  to  firmness,  the  preservation  of  the  subjacent  sur- 
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faces,  and  especially  the  power  of  resistance  to  the  action 
of  the  noxious  gases.  This  criticism,  however,  does  not 
prevent  us  from  acknowledging  the  very  great  improve- 
ments made  in  the  art  of  electro-gilding  of  late  years  by 
the  labors  of  many  intelligent  industrials ;  and  we  may 
express  the  hope  that  the  products  of  both  processes  wUl 
soon  be  equal  in  quality. 

Simple- Im  m  e rsion   Gilding, 

This  mode  of  gilding  h  practised  upon  trinkets  made 
of  copper,  brass,  bronze,  or  German-silver. 

Tlie  baths  employed  contain  the  gold  in  the  form  of  a 
double  salt,  and  should  fulfil  tlie  following  conditions: — 

The  solution  must  possess  little  stability,  that  is  to  say, 
it  should  decompose  and  jdeld  up  its  gold  under  feeble 
influences,  and  it  should  dissolve  the  copper  plunged  into 
it  in  quantity  equivalent  to  that  of  the  deposited  gold, 
thus  forming  a  new  double  salt  in  which  the  copper  takes 
the  place  of  the  gold. 

When,  as  is  more  commonly  the  case,  the  articles  have 
been  previously  amalgamated,  it  is  mercury,  instead  of 
copper,  which  is  substituted  for  gold  in  the  solution. 

In  order  to  explain,  we  should  say  that  if,  in  a  bath  of 
double  pyrophospliate  of  potassium  and  gold,  we  dip  a 
well-cleansed  piece  of  copper,  this  metal  will  be  coated 
with  a  thin  coating  of  gold,  and  will  restore  to  tlie  liquid 
an  equivalent  quantity  of  copper,  so  that  the  former  salt 
will  be  transformed  into  a  double  pyrophosphate  of  potas- 
.^um  and  copper. 
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Preparation  of  Baths  for  Imtnermon^Oildwg, 
The  best  of  these  baths  is  composed  of — 

Distilled  water      ......  1000  part!}. 

Pyrop!io8plittte  of  potH*;$iuaa^  or  Fodium          .  80     '^ 

Hjclroc3"iinJc  nvkl  of  8  pt-r  cent,  (prussic  acid)  J  part. 

Clihmde  of  gold  (cryjstaliized)       *         .         ,  2  parts. 

This  quantity  of  chloride  represents  one  part  of  pure 
gold  treated  with  aqua  regfia,  as  will  be  described  later. 

To  prepare  this  bath,  place  nine  himdred  parts  of  dis- 
tilled water  in  a  porcelain  dish  or  capsule,  or  in  an  enam- 
elled east-iron  kettle,  and  add  in  small  portions,  stirring 
with  a  glass  rod  all  the  while,  the  eighty  parts  of  pyro- 
phosphate ;  apply  heat  to  complete  the  solution,  then 
filter,  and  allow  to  cooL 

Distilled  or  rain  w^ater  is  necessary,  because  the  Ume- 
salts  contained  in  ordinary  water  decompose  a  portion  of 
the  pyrophosphate;  and,  if  this  latter  salt  w^ere  added 
all  at  once  to  the  liquid,  it  would  rec^uire  a  long  time  to 
dissolve. 

lYliile  the  above  solution  is  filtering,  the  chloride  of 
gold  is  prepared,  by  introducing  into  a  small  glass  flask — 

Pure  gold  (tindy  lam  i  mi  ted)  ...  1  part. 

Hydrotshlom  neid,  pure         .         .         .         .       2^  parts. 
Nitric  acid,  pure  .         .         ,         ,         ,         ,       1^     " 

The  flask  is  gently  heated,  and,  after  a  few  seconds, 

effervescence  takes  place,  and  abundant  nitrous  vapors 

*  As  the  pyrophospliare  of  jiotuBsium  does  not  f^ryr^tallize,  its  compo- 
gjtion  is  often  vuriiibk%  boirijj  either  ttjo  mucli  or  too  little  basic.  The 
pyrophosphatf*  of  sodium  h  most  g^nernlly  employed  in  tbc-  arts,  and  is 
obtained  by  fusing,  at  a  white  heat,  the  ordinary  cry!*tallized  phosphate 
of  sodium.  The  pyrophosphate  of  sodium  may  be  obtained  in  the  form 
of  crystiils,  which  is  a  proof  of  a  definite  composition. 
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are  given  off.     In  a  few  minutes,  the  gold  has  entirely- 
disappeared,  and  there  remains  a  reddish-yellow  liquid. 

The  flask  is  then  placed  upon  a  sheet  of  wire-gauze 
supported  upon  a  tripod,  and  heated  over  the  gas  or  alco- 
hol lamp  until  the  excess  of  the  acids  is  evaporated.  Too 
much  acidity,  be  it  observed,  may  cause  great  irregularities 
in  the  working  of  the  bath,  and  even  prevent  its  action 
altogether. 

Care  should  be  taken  to  avoid  too  rapid  heating,  which 
may  cause  violent  "  buinping,"  and  the  loss  of  some  of         '(j' 
the  gold  by  spurting  out  of  the  flask,  a  / 

The  heating  should  be  discontinued  when  vapors  are 
no  longer  evolved  from  the  flask,  and  when  the  liquid 
has  become  of  an  oily  consistency  and  of  a  deep  hyacinth- 
red  color.  The  flask  is  then  removed  from  the  fire  by 
means  of  wooden  pincers,  and  set  to  cool  upon  a  ring  of 

Fig.  86.  Fig.  87. 


plaited  straw  (Figs.  86  and  87).  Should  it  be  necessary 
to  perform  this  operation  more  rapidly,  the  flask  may  be 
held  by  the  neck  between  the  wooden  pincers,  and 
heated  over  the  naked  flame.  But  this  operation  must 
be  done  carefully,  and  the  liquid  kept  in  constant  agita- 
tion to  prevent  the  reduction  of  a  portion  of  the  gold. 

The  well-prepared  chloride  of  gold,  when  cold,  forma 
a  saffron-yellow  crystalline  mass.  If  the  color  is  red,  it 
has  been  too  strongly  evaporated,  and  in  this  condition 
will  answer  very  well  for  electro-baths ;  but  if  intended 
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to  be  used  for  immersion  buths,  it  sliouUl  be  again  evapo- 
rated with  a  small  addition  of  the  two  acids. 

It  frequently  hap])ens  from  carelessness,  that  the  pre- 
paration is  burned  ;  that  is  to  say,  the  pcTchloride  of  fjold, 
t)y  a  too  protracted  or  intense  heating,  has  been  decom- 
posed and  has  passed  to  the  state  of  an  insoluble  sub- 
ehloride,  or  even  to  that  of  metallic  gold.  The  treatment 
must  then  be  bej^un  afresli  with  aqua  regia,  ie,  the  indi- 
cated mixture  of  pure  nitric  and  liydrochloric  acids* 

When  the  chloride  of  gold  has  cooled  and  crystallized, 
it  is  dissolved  in  the  flask  with  a  little  distilled  water,  the 
solution  is  thrown  upon  a  paper  filter  placed  in  a  glass 
funnel,  and  filtered  into  a  clean  bottle  (Figs.  88,  89,  90). 


Fig.  88. 


Fig.  89. 


Fiff.  90. 


ni    III 


To  llicilitate  this  operation,  a  fold  of  pa|ier  should  lie 
placed  in  the  neck  of  the  bottle,  to  allow  the  escape  of 
the  an-  in  tlie  flask.  The  object  of  this  filtration  is  to 
separate  a  small  quantity  of  silver  which  is  always  found 
in  the  commercial  goki  This  sc|)aration  is  based  on  the 
fact  that  the  chloride  of  gold  is  very  soluble,  while  that 
of  sUver  is  perfectly  insoluble  in  water.  The  flask  and 
filter  are  thoroughly  rinsed  with  the  unemployed  tenth 
part  of  water,  so  as  to  introduce  all  the  gold  into  the  bath. 
The  filtered  solution  of  chloride  of  gold  is  i)onred  into 
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the  cooled  one  of  pyrophosphate,  and  the  whole  is  stirred 
with  a  glass  rod.  Lastly,  the  |  part  of  hydrocyanic  acid 
is  added,  and  the  bath  is  brought  up  nearly  to  the  boil- 
ing point  for  use. 

If  the  solution  of  pyrophosphate  be  still  tepid,  it  is  pre- 
ferable to  add  the  prussic  acid  before  the  cliloride  of  gold. 

Hydrocyanic  (or  prussic)  acid  is  not  absolutely  neces- 
sary for  the  success  of  the  gilding,  and  many  operators 
do  not  use  it  at  all ;  but,  then,  the  bath  is  too  easily  de- 
composed, and  the  gold  is  precipitated  too  rapidly  upon 
the  objects  immersed  in  it. 

At  the  moment  when  the  solutions  are  mixed  in  the 
cold,  the  liquid  is  yellow  or  greenish-yelloAv ;  but  it  must 
become  colorless  on  increasing  the  temperature.  Never- 
theless, it  sometimes  happens  that  the  liquid  becomes 
currant-red  or  wine-lees-violet  in  color,  which  is  an  in- 
dication that  there  is  a  want  of  hydrocyanic  acid,  which 
must  be  added  drop  by  drop,  until  the  liquid  becomes 
colorless.  An  excess  of  this  acid,  however,  is  objectionable 
because  the  deposit  of  gold  is  rendered  too  thin,  and 
may  cease  entirely,  in  which  case  the  hath  cannot  be 
decomposed  except  with  the  aid  of  tlie  battery.  At  all 
events,  there  is  a  very  simple  nielhod  of  keeping  these 
batlis  in  good  working  order,  which  consists  in  add- 
ing prussic  acid  gradually  to  those  too  rich  in  gold  ;  and 
conversely,  correcting  the  excess  of  prussic  acid  with 
a  small  proportion  of  c*hloridc  of  gold,  until  the  gilding 
is  produced  without  diffienlty  and  of  the  proper  shade. 

Prepared  in  the  above-deserilied  manner,  the  bath 
will  produce  a  verj^  fine  gilding  upon  well-cleansed 
articles,  wliich  must  also  have  been  passed  through  a 
very  diluted  solution  of  nitrate  of  merciUT  (quirking 
solution),  without  which  tlie  deposit  of  gold  will  be  red- 
dish and  streaked,  and  will  not  cover  the  soldered  portions. 
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Tlie  articles  to  be  gilded  must  be  constantly  agitated 
in  the  bath,  and  are  supported  by  a  hook  or  in  a  stone- 
ware liitlh*  perforated  with  holes,  or  in  baskets  of  brass 
gauze,  according  to  their  shape  or  size,  (See  Figs.  1  to  9 
of  this  work.) 

Important  as  are  the  minute  precautions  here  indicated, 
they  are  far  from  being  observed  by  gilders  well  conver- 
sant with  this  kind  of  work.  For  the  preparation  of  their 
baths,  tliey  are  satisfied  with  dissolving  the  pyrophosphate 
in  ordinary  water,  and  adding  at  the  same  time  the  prussic 
acid.  Their  gold  is  dissolved  as  above  described,  and  its 
solution,  without  previous  filtration,  is  added  to  that 
(more  or  less  hot)  of  the  pyrophospliate. 

Gilders  by  the  immersion  process  usually  employ  three 
baths,  disposed  in  close  proximity  to  each  other,  and 
heated  upon  the  same  funiacej  either  by  charcoal  or  gas.* 


♦  The  gas  furnace,  which   is  the  most  convenient  and  economical 
one  (Fig.  91),  is  mnde  of  a  gheet-iron  box  provided  on  top  with  three 


Fig.  91. 
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lioleg  intentleil  to  receive  the  bottoms  of  three  kettles.  Inside,  and 
under  each  kettle,  h  a  Bunscn  burner  composed  of  tiVe  or  six  jets 
burning  with  a  blue  flame.     These  jets  are  often  replaced  by  ti  species 
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The  first  bath  is  one  that  has  been  nearly  deprived  of 
aid  by  a  previous  operation,  but  is  used  for  removing 
any  acid  which  may  possibly  remain  upon  the  articles 
to  be  gilded.  The  second  bath  still  contains  some 
gold,  but  not  enougli  to  give  a  sufficiently  rich  and  dnrk 
gilding.  By  commencing  the  gilding  in  this,  the  gold 
remaining  in  it  is  utilized,  while  at  the  same  time  the 
strength  of  the  third  batlu  in  which  the  gilding  is  finished, 
is  advantageously  husbanded. 

It  need  hardly  be  said,  that  the  fresh  bath  of  to-day 
becomes  the  second  of  to-morrow,  and  so  forth. 

This  method  of  operating  allows  of  much  more  gilding 
with  a  given  quantity  of  gold,  than  with  one  hath  alone. 
It  explains,  likewise,  wh)  it  is  that  well-organized  works 
having  a  number  of  baths  at  work  at  one  time  are  able 
to  protluce  a  cheaper  and  finer  gilding  that  their  confreres 
wliose  arrangements  are  not  so  practical. 

The  gilding  is  done  in  a  few  seconds,  and  the  finishing 
operations  consist  in  rinsing  in  frcsli  water,  drying  in  dry 
and  warm  sawdust,  and,  if  necessary,  buniislnng. 

A  good  sawdust  should  be  free  from  resinous  and  other 
impurities,  and  should  Ix*  that  from  white  woods,  of  which 
that  from  fir,  pophu',  and  linden  is  especially  to  l>e  recom- 
mended. That  of  oak  and  walnut  blackens  the  gilding; 
and  '  that  of  boxwood,  although  often  employed,  is  not 
ifficnently  absorbent. 

After  drying  very  small  articles  in  sawdust,  the  latter 


of  rosejet  burner,  inside  of  wlii^h  the  mixture  of  gas  and  air  lakes 

place.  Tins  appnratus  has  two  st^purale  stopeoiikn,  out*  coiHif^rtid  with 
11  small  central  jet,  and  the  other  witli  the  rojiu  burner.  Whin  btith 
ccH'ki^  are  open,  the  gas  h  lighted  at  all  the  apertures,  and  I  he  baths 
ariT  rapidly  heated  up  to  the  point  of  ebullition.  Tiie  eoek  of  thn  rose 
burner  is  then  turned  i>tt\and  the  heat  of  ttie  central  jet  is  sufficient  to 
keep  up  the  proper  temperature. 
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substance  is  removed  by  sieves  of  various  numbers,  or  by 
winnowing. 

Coloring  Process, 

It  happens  sometimes,  that,  tliroiigh  neglect  of  some  of 
the  premutious  above  indicated,  the  gilding  is  dull  and 
irregukr  in  tone.  We  must  then  have  recourse  to  color- 
ing, wliicli  is  conducted  as  follows: — 

Fuse  together  in  their  water  of  crystallization,  and  at 
about  212°  Fahr,  etpial  parts  of — 

Sulphate  of  iron  (copperas). 

-Sulpliate  of  zinc  (white  vitriol). 

Sulphate  of  aluminium  and  potassium  (potash  alum).' 

Nitrate  of  potassium  (saltpetre). 

Smear  the  imperfectly  gilded  articles  with  the  mixture, 
so  that  all  parts  are  well  covered,  and  place  them  in  the 
centre  of  a    cylindrical   furnace    (Fig.  92)    in  which  the 

Fig*  92, 


fuel  (charcoal)  is  disposed  in  the  annular  space  between 
the  furnace  walls  and  the  cylindrical  and  vertical  grate. 
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The  central  portion,  into  which  the  heat  radiates,  receives 
the  objects.  Fig,  93  represents  a  vertical  section,  and 
Fig,  94,  a  plan,  of  tliis  apparatus. 


Fig.  93. 


Fig.  94. 


^'% 


The  salts  begin  to  dry,  thou  to  fuse,  and  the  mass 
acquires  the  dull  appearance  of  yellowish  clay. 

When  the  moistened  finger  is  presented  to  one  of  the 
pieces  and  a  slight  hissing  sound  is  heard,  it  is  evidence 
that  they  have  been  sufficiently  heated,  and  all  the  articles 
are  then  removed,  and  quickly  immersed  in  a  very  diluted 
solution  of  sulphuric  acid,  where  the  external  coating  of 
salts  which  covers  the  gilding  at  once  dissolves,  leaving 
this  of  a  warm  and  nniform  shade  of  color. 

This  process  will  evidently  only  answer  the  purpose 
when  all  parts  of  the  copper  articles  have  been  entirely 
covered  with  gold  by  the  first  operation.  If  they  are 
not^jthe  ungilt  portions  will  show  themselves  by  a  red 
coloration,  and  the  articles  must  then  te  'Vstripped'' of 
their  gold,  cleansed,  and  gilded  anew%  We  shall  shortly 
indicate  the  processes  by  which  these  results  are  arrived 
at  without  injury  to  the  copper  or  its  alloys. 

At  the  present  time,  the  majority  of  gilders  by  immer- 
sion, gild  also  with  the  battery;  and,  when  the  first  gild- 
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ing  is  imperfect,  instead  of  coloring  by  the  process  just 
deserilx'd,  tliey  place  the  articles  for  a  few  moments  into 
the  electro-bath,  which  is  preferably  worked  hot,  and  the 
composition  of  which  will  be  given  further  on. 


CHAPTER  XrV. 


ORMOLU COLORED    GOLDS GRKEN    AND    WHITE    GILDING 

GILDING  SILVER  BY  SIMPLE  IMMERSION. 

Simple-lmm ersion  Gilding  ( eoudmtetl) . 

VkE  have  said  that,  generally,  immersion  gilding  is 
especially  resorted  to  for  false  jewelry.  There  is,  however, 
an  easy  method  of  obtaining  by  this  process  results  rival- 
ling those  obtainable  by  the  battery,  and  which  consists 
in  gilding  several  times,  by  dipping,  those  objects  w^hich 
require  a  good  plating.  The  secret  is,  that;  before  each 
immersion,  the  article  is  "qnicked, "  i.  e,,  passed  through 
the  solution  of  nitrate  of  mercury.  ,'  By  this  opemtion,  a 
coating  nf  mercury  is  dei)osited  at  each  operation,  and 
dissolving  in  the  bath  of  pyrophosphate,  is  each  time 
replaced  by  a  frc\sh  coating  of  gold. 

This  method  is  constantly  applied  to  the  plating  of  large 
pieces,  such  as  clocks,  chandeliers,  ornamental  bronzes, 
etc.,  which  are  usually  gilded  by  the  battery.  Executed 
by  this  method  immersion  gilding,  as  compared  with 
electro-gilding,  is  superior  in  richness  of  tone,  brilliancy, 
lustre,  and  especially  in  having  no  tendency  to  scale  off, 
as  the  deposit  obtained  by  this  system  consists  of  pure 
gold  only,  whereas,  by  the  galvanic  process,  a  subsalt  of 
this  metal  is  ol\cii  deposited. 
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It  is  easy  to  satisfy  one's  self  that  the  coating  of  {2;old 
increases  in  depth  with  each  successive  quirking  and  im- 
memon,  by  observing  the  varying  intensity  with  which 
nitric  acid  attacks  the  objects  after  each  such  operation, 
Roseleur  atfinns  that  lie  has  succeeded  in  gihHng  copper 
in  this  manner  with  such  solidity  that  it  would  resist  the 
action  of  concentrated  acids  for  several  hours. 

A  strong  gilding  by  immersion,  like  that  by  the  bat- 
tery, may  be  scratch-brushed  and  given  the  color  known 
as  ormolu ;  but  in  this  case  the  latter  operation  is  done 
in  the  cold. 

This  operation  consists  in  applying,  by  means  of  a  brush 
or  pencil  to  the  objects,  gikled  and  scratch-brushed,  a 
thin  magma  of  nitrate  of  potassium,  alum,  and  hematite^ 
which  have  been  intimately  mixed  and  ground  under  tlie 
muller,  with  the  addition  of  a  little  vinegar,  and  of  a 
solution  of  saffron,  or  annotto,  or  other  coloring  substance, 

ccording  to  the  depth  of  yeHow  or  red  desired- ' 
If  the  gilding  on  wliirh  the  operation  is  performed, 
is  heavy,  the  objects  are  heated  until  the  coating  of  the 
magma  curls  at  the  toucli  of  a  wet  finger.     On  the  other 
hand,  if  the  gilding  is  a  mere  film  of  gold,  with  which  we 

re  here  occupied,  the  mixtnre  is  simply  allowed  to  remain 

'upon    the   articles    for    a    few  minutes;    after  wliicli    in 

lioth  cases,  the  articles  are  rapidly  washed  in  warm  water 

holding  in  suspension  a  certain  quantity  of  the  materials 

for  ormolu  coloring. 

Without  using  any  other  water,  the  articles  are  rapidly 
dried,  when  they  appear  of  a  darker  shade.  We  must 
then  equalize  the  color,  that  is  to  say,  remove  the  portions 
too  mtich  colored  by  striking  them  vertically  with  the 
long  bristles  of  a  hand  brush  (Fig.  95). 
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Otmolu  coloring  is  practis€'d,  of  course,  only  after  burn- 
ishing, if  the  whole  or  a  part  of  the  article  requires  it. 

Fi^.  95, 


If  the  tint  of  ormohi  docs  not  appear  satisfoctorr, 
whether  from  too  great  or  too  small  a  projMjrtion  of  the 
substances  employed,  it  is  easy  to  begin  the  o|jeration  anew, 
after  wasliing  off  the  ormolu  in  a  diluted  solution  of 
suli>huric  acid. 

We  shall  give,  in  the  chapter  on  chemical  prooucts, 
the  manner  of  preparing  various  shades  of  ormolu* 

Colored  Golds, 

A  greater  variety  can  scarcely  be  imagined  than  the 
different  tints  and  colors  presented  by  the  gilded  article!? 
found  in  the  trade.  They  vary  from  the  red  of  rose  cop- 
per, to  a  pale  white,  similar  to  that  of  silver.  Hence,  the 
various  denominations  employed  in  the  arts,  to  designate 
them,  (".  e.^  yellow  gold,  virgin  gold,  red  gold,  pink 
gold,  new  gold,  blossom  gold,  green  gold,  and  white  gold. 

The  last  two  shades,  very  much  sought  for,  are  easily 
obtained  by  simple  immersion.  The  mode  of  obtaining 
tlie  other  shades  will  be  descril>ed  imder  Electro- Gihltng. 

Greeii  and  Wk!fe  Gihling. 

These  shades,  which  may  be  graduated  at  will,  are 
obtained  liy  adding  drop  hy  drop,  and  until  the  desired 
sliade  is  arrived  at,  a  solution  of  nitrate  of  silver  to  the 
liath  of  double  pyrophosphate  of  sodium  and  gold,  of 
which  we  have  given  the  formida. 

The  solution  of  nitrate  of  silver  is  prepared  by  dissolv- 
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ing,  in  100  parte  of  distilled  water,  ten  parts  of  crystal- 
lized nitrate  of  silver,  or,  preferubly,  the  fused  nitrate 
coramonly  called  lunar  caustic. 

The  pyropliosphate  dissolves  silver  but  slightly;  never- 
theless, it  absorbs  it  in  sufficient  quantity  for  whitening 
the  gilding  to  the  point  of  making  it  appear  like  silver. 

It  is  always  to  be  recommended,  before  gilding  green 
or  white,  to  yellow-gild  the  objects  in  the  ordinary  bath, 
then  to  pass  them  rapidly  through  the  mercurial  solution, 
and,  lastly,  to  dip  them  into  the  gold  bath  containing  the 
nitrate  of  silver. 

The  batli,  to  which  the  silver  solution  has  been  added, 
parts  quite  rapidly  with  its  silver  upon  the  first  articles 
placed  in  it.  To  maintain  the  constancy  of  the  shade  it 
is,  therefore,  necessary  to  add  a  few  drops  of  the  silver 
solution  as  often  as  may  be  found  needful, 

Gildinff  Silver  hy  Simple  Immermon. 

Although  gilding  by  immersion  is  generally  confined 
to  copper  and  its  alloys,  it  is  also  possible  to  gild  silver 
in  the  following  manner: — 

The  silver  articles,  jireviously  cleansed  and  scratch- 
brushed,  are  boiled  for  about  half  an  hour  in  the  gold 
bath  of  pyT0i)hosphate,  to  wdiich  luive  been  added  a  few^ 
drops  of  sulphurous  acid,  or,  preferably,  hydrocyanic  acid 
in  excess  of  the  quantity  prescribed  for  the  normal  bath. 
The  last-named  acid  dissolves  a  small  praportion  of  silver, 
and  allows  an  equivalent  of  gold  to  deposit  in  its  place* 
The  first  named,  /.  c,  sulphurous  acid,  acts  as  a  reducing 
agent  upon  the  gold  solution,  and  causes  the  metal  to 
deposit  upon  the  sdver,  in  virtue  of  the  chemical  affinity 
between  metals,  which  is  especially  manifested  when  one 
of  them  is  in  the  nascent  state,  /,  e.^  just  l>eing  disengaged 
from  a  combination.  This  gilding  is  very  fine,  but  light. 
12 


and  thicker  by 

Ter,  we  introduce 
fir  ibe  contact  of  two 
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(continued). 

(RcLss^  or  Crystal, 

baths  of  pyrophosphates 
^1  for  gilding  glass,  crystal, 
x^rcelain. 
t,v,  ;iH  follows : — 
41,-^  ui  an  agate  mortar  and  then 
^^^    ~^.^itinl  plate  glass,  some  well-neu- 
1^  mtlh  rectified  essence  of  lavender, 
^{K  which  is  then  applied  with  a 
iijjon  the  glass,  porcelain,  or 
i  it  is  desired  to  decorate.    After 
m|i  to  a  dark  red.     At  this  tem- 
1^  |ittrtially  decomposed,  and   the 
,  ^f^kurK^s  the  platinum  to  the  metallic 
^fmxt  with  a  perfect  lustre.     After 
^Sn  through  aqua  fortis,  which  will 
JIUggyMi,  but  will  destroy  the  impurities 
{i^^rfiice.     Rinse  the  object  in  plenty 
.ji^  llie  gold  bath,  after  wrapping  with 
wire,  having  nimaerous  points  of 

'MtMM^  the  platinum  will  be  entirely  cov- 
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ered  with  a  fine  film  of  gold  possessing  the  same  adherence 
and  polish.     A  rubbing  of  the  gilding  with  a  chamois 
skin   finishes   the  operation.     This   method,   it  will   be  . 
noticed,  dispenses  with  burnishing,  which  is  always  costly, 
and  often  impracticable  in  the  deeply  indented  parts. 

If  the  gilding  be  too  red,  add  to  the  bath  a  few  drops 
of  a  solution  of  double  cynanide  of  potassium  and  silver 
(liquid  for  silver  electroplating). 

This  method  succeeds  much  better  than  the  employ- 
ment of  baths  requiring  the  use  of  the  battery ;  the 
gilding  has  a  bright  instead  of  a  dead  lustre,  and  its 
adherence  is  more  perfect. 

At  the  present  time,  the  process  of  bright  gilding 
invented  by  Dutertre  has  been  generally  substituted  for 
that  just  described.  It  consists  in  applying  with  a  brush 
or  pencil,  to  the  objects  to  be  gilded,  an  intimate  mixture 
of  sulphide  of  gold  and  various  essences,  which  are  then 
submitted  to  an  incipient  red  heat.  The  resulting  gilding 
has  the  appearance  of  burnished  gold,  is  more  or  less 
firm  and  lasting,  and  is  applied  to  a  multitude  of  small 
porcelain  articles,  the  indented  surfaces  of  which  render 
impossible  the  employment  of  the  burnisher. 


CHAPTER  XVI. 

SIMPLE-IMMERSION  GILDING  (CONCLUSION). 

Simple^ Immersicyii  Gilding  voith  Bicarbonate. 

We  have  described  in  great  detail  the  pyrophosphate 
gilding  bath  because  it  appears  to  us  preferable  to  all  others. 
Nevertheless,  it  is  possible  to  gild,  by  simple  immersion, 
with  other  substances,  and  especially  with  the  bicarbonates 


of  polamm  o<r  sodittm,  whtch^  until  recentlyt  were  ex* 
tuUed  by  a  few  ntleKyPthumb  pmctical  men.  This  simply 
prove*  that  thrr  were  not  acquainted  with,  or  did  not 
know  how  to  use,  the  pyrophosphates* 

The  bicarbonate  bath  is  prepared  by  mixing  in  a 
cast-iron  kettle,  turned  dean  and  smooth  inside  on  the 
lathe,  and  gilded  by  protracted  ebullition  therein,  of  old 
or  nearly  spent  gilding-baths — 

Wut^r  ,,•....  1600  parts. 

Bicarbormte  of  polU5t«iuiii  or  sodium  (prefer- 
ably, of  pc>t«fl«ium)   •         .         •         .         .     900     " 
Pure  ^^cild  (to  be  tnnjsfnrmi'd  into  ehlontk')    .       12*  •* 

TIi*^  whole  is  boilt'd  for  ut  least  two  hours,  fresh  water' 
being  adilcd  to  ri'phue  that  lost  by  e\aporation*  A  part 
of  tlie  gold,  in  the  form  of  ii  violet-blark  pow^der,  will  be] 
found  to  have  been  preciiiiliited,  and  the  bath  will  require 
to  be  cooled  nnd  dtTautetl  It  is  again  boiled,  and  the 
gilding  is  protivdod  with,  in  the  same  manner  as  previa 
ously  indicateil,  excrpt  that  the  merrurial  solution  i^hoiild 
be  more  diluted  than  is  eustoiiiary  mth  the  pyrophosphate 
baths,  ■ 

The  operation  slundd  Ih^  arn^vMi  when  about  half  of 
the  gold  in  the  bath  ha^  Uhhi  dt^jiosiled.     The  remainder 
goes  to  the  ^n^nt  Ui|UorH  fcsmx  which  the  gold  is  su 
quently  n^gaineii. 

If  imenow  com^Hin^  thc^  fbmulir  of  these  Iwb  baths,  and 
ccHMiiirr  thu^  dUutkiu  \4'  tlie  «M  maA  the  eoncentntion  of 
die  ollMr;  tl»  lapiditv  of  HfMVliM  in  tW  liist.  and  the 
k6softiwraix-«.^XHxl  K5  tW  wti9ttd;di^  iKilitrof  osaiig 
aD  die  gi4d  db^^^vnx)  K  tW  yyn^yliai^phitfc,  mak  the  im- 
<if  miteiiiiy  »  fwot  ynyai^tia  if  that » tiig  hir 
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Moubt  as  to  which  to  chposc,  especially  when  the  quality 
and  the  fineness  of  the  products  are  at  least  equal.  We 
may  add  in  conclusion,  that,  at  the  present  time,  we  know 
of  no  gilder  employing  the  above  formula,  which  we  have 

» simply  recorded  as  a  matter  of  history, 
I  Immerdon-GihUng — Diluted  Bath. 

Koseleur  concludes  his  list  of  formidte  for  simple  immer- 
sion gilding,  with  one,  which,  on  account  of  the  fiicility 
with  which  it  may  be  worked  and  the  great  variety  of 
articles  for  which  it  may  be  used,  is  often  employed,  not- 
withstanding the  slight  durability  of  the  results  it  fur- 
lishes. 
This  bath  sliould  be  employed  only  as  a  complement 
[to  the  cleansing  process,  and  as  a  preliminary  operation 
[to  a  more  resistant  electro-gilding  in  a  cyanide  bath.  It 
composed  of — 

Water 1000  parts. 

Bicftrbonate  of  j>otassium  ....  20  " 
Caustic  potassa  ,,,,.*  108  ** 
Cyanide  of  pot*ussium  .  .  .  .  .  9  ,*' 
Gold 1  part. 

The  whole  is  brought  up  to  the  point  of  ebullition, 
land  a  pale  gilding,  a  mere  bluslj,  is  obtained  even  upon 
imperfectly   cleansed   articles,    and    without   employing 
litrate  of  mercury. 

It  is  possible,  to  repeat  four  or  five  times,  the  addition 

)f  a  small  proportion  of  chloride  of  gold  to  this  bath, 

ithout  the  addition  of  other  substances.     Afterwards,  it 

maintained  at  the  projier  strength  by  additions  of  gold 

id  salts  in  the  above  proportions,  and  it  lasts  for  an  al- 

'most  indefinite  period. 

Such  a  bath  will  gild  about  4000  parts  by  weight  of 
trinkets  for  each  part  (by  weight)  of  gold  consumed. 
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wliereas  a  batli  of  pyropliosphat^es  will  gild  only  abont 
loot)  parts  by  weight  of  small  articles  per  timt  of  gold 
extmcted  from  the  bath. 

The  gilders  of  larjOfc  bronze  pieces  use  this  bath  for 
eleaDKiiig  them  before  they  are  taken  to  the  electro- 
huth,  and  on  this  account  it  is  called  the  cleaimng  or 
preparing  bath. 


The  following  processes    for   immersion-gilding,  from 
various  authorities,  may  Ije  found  usefid: — 

Gore  {EUdro-MektUargi/^  129)  notices  a  solution  for 
simple-immersion  gilding,  at  one  time  extensively  used 
by  the  Messrs.  Elkington,  It  is  prepai"ed  by  converting 
one  part  of  gold  into  neutral  terchloride  (by  the  method 
previously  described),  dissolving  it  in  a  small  quantity  of 
water,  and  adding  to  it,  gradually,  thirty-one  parts  of 
bicarbonate  of  potassium*  This  liquid  is  then  mixed 
with  a  solution  of  thirty  parts  of  the  bicarbonate  dissolved 
in  two  hundred  parts  of  water,  and  boiled  for  two  hours. 
The  solution,  w^hich  is  yellow  at  first,  becomes  green,  and 
is  then  ready  for  use.  Trinkets  of  brass  or  cop{)er,  pro 
vionsly  cleansed,  are  inimers<*d  in  this  solution  for  aliout 
half  a  minute.  The  bath  is  used  hot.  Articles  of  Ger- 
man-silver, silver,  or  platinum,  must  be  immersed  in  con*  ^ 
tact  with  wires  of  copper  or  zinc. 

A  similar  solution  is  made  by  converting  five  Troy^ 
ounces  of  gold  into  chloride,  dissolving  this  in  four  gallon! 
of  distilled  water,  adding  twenty  pounds  of  pure  hic^r 
bonate  of  potassium,  and  boiling  the  mixture  for  sever 
hours.     It   is  used  warm,  and  articles  to  be  gilded  are 
immersed  from  a  ^^\x  seconds  to  one  minute. 

A  solution   for  gilding  articles  of  silver,  described 
this  and  other  authors,  is  prepared  by  dissolving  eqiu 
parts  by  weight  ol*  corrosive  sublimate  and  saUammoniJ 
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in  nitric  acid,  adding  some  grain  gold  to  it,  and  evapo- 
rating the  liquid  to  half  its  bulk.  The  hot  solution  is 
applied  to  the  surJace  of  the  silver  article. 

D.  Braun's  solution  for  gilding  zinc  (  Clieyn.  Nev^s^ 
IX,  230;  Gore,  Ehciro-Meiallurgi/^  129)  is  prepared 
by  dissolving  sulphide  of  gold  in  a  solution  of  sulphide 
of  ammonium,  excluded  from  the  atmosphere. 


CHAPTER  XVIL 


GILDING  WITH  GOLD  AMALGAM. 

The  older  processes  admit  of  the  gilding  of  small 
C5opper  articles  with  a  thin  and  adherent  coating.  One 
of  these  ancient  methods  which  w^e  shall  now  describe, 
gives  results  very  analogous  to  those  obtained  by  dipping, 
just  explained. 

This  operation  of  gilding  with  gold  araalgiim,  which  is 
a  moditication  of  the  method  of  fire-gilding,  which  will  be 
shortly  described,  is  performed  as  follows : — 

In  the  centre  of  a  charcoal  stove  place  a  crucible 
holding  a  small  quantity  of  pure,  dry  mercury,  and  when 
the  temperature  has  reached  about  212^  Fah,,  add  thereto 
one-half  its  w^eight  of  gold.  Stir  with  an  iron  rod,  and 
when  the  amalgam  has  acquired  the  consistency  of  butter, 
throw  it  into  cold  water,  and  keep  it  there  for  use. 

After  cleansing  the  articles  to  l»e  gilded  in  aqua  fortis, 
place  them  in  a  stoneware  pan,  and  sprinkle  them  with 
a  very  weak  solution  of  nitrate  of  mercury,  taking  care 
to  keep  the  articles  in  motion  all  the  while,  in  order  to 
change  the  positions  of  their  surfaces  and  cause  them  to 
became  covered  uniformly  with  a  white  coating  of  mercury. 
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At  this  point,  add  to  the  m«iss  the  required  quantitj  oi 
amalgam,  and  contmue  to  move  the  articles  briskly  about. 
The  amalgam  spreads  rapidly,  and  after  a  few  minuteswill 
be  found  to  ha\e  attached  itself  unifoi-nily  to  the  siirfoce 
of  the  articles.  Then  rinse  in  cold  water,  and  transfer 
the  contents  of  the  stoneware  pan  into  a  large  and  deep 
copper  ladle,  perforated  with  numerous  small  InJes,  flnJ 
having  a  long  liandle  which  allows  the  operator  to  impart  j 
a  shaking  motion  to  its  contents. 

The  ladle  and  its  contents  are  then  kept  over  a  lire  J 
charcoal  fire,  and  the  articles  are  constantly  shaken  in  ^ 
order  to  distribute  the  heat  as  much  as  possible.     The 
mercury  of  the  amalgam  is  soon  volatilized,  and  the  gold  ■ 
remains  adherent  to  the  articles,  ™ 

If,  instead  of  a  yellow  gilding,  a  red  one  be  desired,  the^ 
waxing  process  isnow^  resorted  to,  which  operation  eonsisi: 
in  pouring  upon  tlie  articles,  still  in  the  ladle  and  upon 
the  fire,  an  intimate  and  fluid  mixture  of — 


Oil       .         .         . 
Yellow  wax 

Acetate  of  copper 
Ilemittite 


2o  piirts. 
25      *• 
III     «« 
40     *' 


The  articles  impregnated  with  this  mixture  are  con 
stantly  agitated.      It  speedily  takes  fire  and  is  allowed  to* 
burn   out,  at  which   instant  the  whole  is  throw^n   into  a_ 
very  diluted  solution  of  sulphuric  acid.     The  waxing  is 
of  course,  done  only  after  the  complete  volatilization  of  th^ 
mercury. 

After  coming  out  of  the  pickle,  the  gilding  has  the  aj 
pearance  of  ochreous  clay,  and  must  be  scratch-bnished,^ 
Small  articles  are  polished  by  tumbling  along  with  a 
lot  of  copper  beads,  or  the  waste  from  the  same,  moist 
ened  with  vinegar- water.  Tlie  gilded  articles  and  the 
copper  granules,  rolling  over  each  other,  become  polishc 
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by  mutual  attrition.  Lastlj%  rinsing,  and  drying  in  5iaw- 
dust,  and,  if  necessary,  burnishing,  complete  the  operation. 

Gilding  by  stirring  and  amalgam  may  give  good  results; 
but  most  generally  the  quantity  of  gold  deposited  is  so 
sliglit  that  it  is  not  rare  to  find  the  film  of  gold  in  tlieacid 
solution  used  for  quencliing,  and  that  the  finislicd  articles 
have  nothing  to  enhance  their  value  but  the  red  from  the 
waxing,  enhanced  by  the  bright  lustre  obtained  by  the 
polishing  operation.  Such  copper  articles,  however,  are 
with  diffieulty  oxidized,  as  if  they  had  been  penetrated  by 
the  fatty  substances  of  the  waxing  composition.  Roselenr 
affirms  that  he  has  examined  jewelry,  claimed  to  have 
been  gilded  by  this  process,  and  the  glldhig  of  wltieh  had 
been  found  very  fine;  and  was  imable  to  find  a  trace  ot 
gold.  The  entire  quantity  of  the  gold  employed  must 
therefore  have  been  left  in  the  acid  pickle,  wliich  was 
thro^Ti  away. 

He  adds,  furthermore,  that  he  assisted  in  executing  a 
very  fine  giUling  by  this  procedure,  which  sucreeded  re?- 
markahJy  well,,  where  the  gold  by  mischance  fell  into  the 
fire  instead  of  getting  into  the  crucible  with  the  mercury, 
where  it  was  afterwards  found  intact. 

Each  operator  has  his  own  method  of  waxing,  and 
varies  its  composition.     That  given  above  succeeds  well. 


CHAPTER  XVIII, 

GILDING  BY  FRICTION. 


We  will  not  dismiss  the  methods  of  thin  gUding,  with- 
out mentioning  a  very  simple,  and  often  very  useful,  pro- 
I  ce?s»  of  gilding  silver.     It  was  formerly,  and  is  even  at  the 
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present  time,  ased  for  gilding  the  interior  of  sniiff4>oxe8, 
and  similar  articles. 

This  process  Is  variously  termed  gilding  tcUh  the  rag^ 
with  tlie  thumhj  with  the  corh. 

The  procedure  is  as  follows: — 

Dissolve  pure  gold,  finely  laminated,  in  a  mixture  of — 

Nitric  acid *  5  parts. 

Chloride  of  ammonium  (nal  ammoniac)  .         2     ^* 

Nitrate  of  potansium  (saltpetre)     .         .         .        ^part. 

Heat  carefully  upon  a  gentle  fire;  the  nitric  acid  de- 
composes the  chloride  of  ammonium,  the  liberated  hydro- 
chloric acid  combining  with  the  nitric,  thus  forming  aqxAa 
regia  which  dissolves  the  gold.  The  nitrate  of  potassa 
remains  mixed  witli  the  (chloride  of  gold,  and,  as  we  shall 
soon  see,  j>erforins  a  useful  offi(*e. 

When  all  the  gold  has  disappeared,  pour  the  cooled 
contents  of  the  flask  into  a  flat-bottomed  stoneware  pan. 
Into  this  liquid,  disjwse  one  u|>on  the  other,  and  in 
sufficient  quantity,  squan^s  of  pun^  linen  cloth,  and  pat 
them  with  a  glass  rod,  in  oixlor  that  they  shall  become 
equally  imprognatiHl  with  the  chloride  of  gold.  Each 
square  of  cloth  is  thou  taken  with  wooden  pincers,  well 
drained  and  spn\ul  for  drying  in  a  dark  closet.  When 
the  desiccation  is  nearly  i\^niploti\  Ciich  piece  of  cloth, 
supported  upon  glass  rxnls.  is  hold  over  a  charcoal  fire 
until  it  ignites.  The  ivmbustiou  is  accelerated  by  the 
pr^rv;-nce  of  the  nirnito  of  ^vn^ssH.  and  i:Si  finished  upon  a 
marble  slab.  Grinvi  :ho  asbi's  uu^ior  a  muUen  collect, 
zz^'i  kefp  thtm  lv:\\iv:«  :ho  vUsof  a  shoe:  of  parchment 
sr-^^ini  which  a  wo:  oK>:h  h^s  Kx-^.;  K^kuxl  The  ashes 
r-cd-in  :i-erv  iv^r  a  \xx^^k.bu:  oxx^rx  v^x  :hoy  an^stixred  in 
or  f-rr  :.    h.ivv  ;£::  i\;r*A^  >*x^::r^  ^x  :3h''  %2uupiie:s^  which 

T?.^  'VTiritr  :s  :S;^:;  :x>*.?x  to  ;5^\  4Uf>i  i:  isi  :sificiexit  to 
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mix  it  upon  a  slab  with  a  few  drops  of  water,  and  to  rub 
with  this  paste,  the  previously  well-cleaned  surfaces  of  the 
silver  to  be  gilded.  The  smooth  surfaces  are  rubbed  with 
the  thumb,  the  fillets  or  grooves  with  a  fine  cork  cut  to 
the  proper  shape,  arid  the  comers  or  angles  with  a  stick 
of  soft  wood,  such  as  linden  or  poplar.  Lastly,  the  articles 
are  burnished.  This  gilding  is  very  thin,  but  quite  resistant, 
especially  after  the  action  of  the  burnishing  tool,  which, 
crushing  the  minute  particles  of  gold,  has  imbedded  them, 
as  it  were,  into  the  pores  of  the  silver.  If  a  red  shade  be 
desired  instead  of  a  yellow  one,  a  small  proportion  ot 
pure  copper  is  added  to  the  gold  to  be  dissolved  in  aqua 
regia. 

By  the  action  of  the  fire  during  the  combustion  of  the 
cloth,  a  part  of  the  perchloride  of  gold  is  reduced  to  metal- 
lic gold,  and  the  remainder  transformed  into  subchloride. 
The  presence  of  the  latter  salt  in  the  mixture  appears 
to  aid  the  adherence  of  the  deposit,  since  the  subchlo- 
ride of  gold,  in  contact  with  silver,  causes  a  decomposi- 
tion whereby  the  chloride  of  silver  is  formed,  and  the 
gold  is  deposited  in  the  nascent  state,  i:  6.,  in  the  best 
condition  for  the  combination  to  take  place. 

We  are  perfectly  satisfied  that  gilding  by  friction  will 
succeed  just  as  well  by  using  the  ashes  immediately  aft«r 
the  burning  of  the  cloth  impregnated  with  perchloride  ot 
gold  ;  but  we  have  preferred  to  describe  the  operation  pre- 
cisely as  Roseleur  states  he  has  seen  it  performed,  with 
all  its  quasi-mysterious  accompaniments. 
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CHAPTER  XIX. 


GILDING  WITH  THE  BRUSH,  OR  WITH  SHT:LL  GOLD, 


This  method  consists  in  the  appliration  to  the  surfaces 
to  be  gilded,  of  a  paste,  charged  with  gokl  powder,  and  its 
durability  is  no  greater  than  that  of  the  size  eniployed.  It 
is  apphed  only  on  very  small  surfiices  to  make  slight  re- 
pairs or  to  cover  defective  places  which  do  not  require  the 
gilding  anew  of  finished  articles. 

The  gfjld  powder  is  simply  mixed  with  gnni-water,  ap- 
plied with  a  brush  upon  the  parts  to  be  covered,  and 
allowed  to  dry. 

The  gold  powder  is  prepared  by  the  attrition  under  the 
muller  of  the  cuttings  of  gold  beater's  foil,  and  in  order 
to  prevent  tliem  from  being  blown  away,  a  certain  quan- 
tity of  white  honey  is  added.  \\'hen  it  is  considered  that 
the  powder  is  fine  enough,  the  paste  is  put  into  water,  by 
wliich  the  honey  is  dissolved.  After  several  washings* 
settlings,  and  decantations,  the  powder  is  allowed  to 
dry.  When  in  a  hurry,  the  washing  may  be  j>erforme<i 
upon  a  paper  filter.  The  dry  powder  is  again  ground 
with  a  little  gummy  or  mucilaginous  water,  and 
the  resultnig  paste  spread  upon  a  small  porce- 
lain cup,  or  more  generally  upon  the  inside  of  a 
mussel-shell  (Fig.  96). 

If  a  powder  of  green  gold  be  desired,  silver 
foil  is  mixed  with  the  gold  cuttings.    ,An  addi* 
tion  of  rose-copper  foil  produces  a  red  gold.  '  For  this  pur- 
pose, however,  it  is  preferable  to  use  foils  laminated  from 
alloys  made  for  the  purpose. 


Fi^,  m. 
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CHAPTER  XX 


ELECTRO-GILDING,  OR  GOLD  ELECIRO-PLATING. 


We  may  anticipate,  by  stating  that  a  similar  method 
is  employed  for  the  preparation  of  a  silver  powder  for 
touching  up  slight  defects  in  articles  not  exposed  to  friction. 
Every  gilder  should  have  at  liand  a  complete  stock  ol 
I  these  various  powders,  which  will  save  him  a  great  deal 
■  of  tedious  work. 

^^^^P  Ekctro-  Gilding. 

^  Gilding  by  the  battery  possesses  two  decided  merits:  first 
the  advantage  of  being  easily  applied  to  all  the  usual 
metals;  and  second,  of  producing  a  deposit,  the  tliickness 
of  which  is  entirely  at  the  command  of  the  operator. 

It  is  not  always  necessar)'  in  electro-gilding  to  use  a 
battery,  for  it  will  be  remembered  that  the  contact  of  two 
heterogeneous  metals,  immersed  in  an  electrolyte,  especially 
if  this  be  an  acid  or  saline  liquid,  is  sufficient  to  produce 
the  phenomenon  of  an  electric  current.  Electro-gihiintr, 
therefore,  will  take  place  whenever  contact  is  established 
between  an  electro^negative  and  an  electro-positive  body 

[jointly  immersed  in  a  suitable  solution  containing  gold. 

We  have  iilready  stated  that,  in  gilding  sdver  by  im- 
mersion, the  gold  deposition  is  caused  by  the  contact  of 

I  copper  or  zinc  with  the  silver,  which  performs  the  func- 
tion of  the  positive  element  of  a  feeble  battery,  the  nega- 

Ltive  element  of  which  is  represented  by  the  silver.     AVe 

f^hall    see,  further  on,  that  it  is  sufficient  to  plunge  the 
irtieles,  attached  to  zinc  wires,  into  electro-gildhig  baths 
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in  order  that  the  operation  shall  take  place  in  the  same 
manner  as  with  the  battery. 

In  a  general  way,  therefore,  it  is  correct  to  define  as 
electro-gilding,  or  electro-deposition,  the  deposit  obtained 
by  an  electric  current,  whatever  be  its  mode  of  production. 
It  is  customar}',  however,  to  confine  the  term  to  methods 
and  formulae  which  require  generators  of  electricity  sepap 
rated  from  the  baths,  with  which  we  shall  here  concern 
ourselves. 

Electro-gilding  may  be  done  with  the  aid  of  heat,  or  in 
the  cold.  The  latter  method  is  especially  employed  for 
large  articles,  suoh  as  clocks,  chandeliers,  etc.,  which 
woidd  require  the  heating  of  great  volumes  of  liquid. 

Hot  electro-gilding,  on  the  other  hand«  is  admirably 
adapted  to  the  great  majority  of  cases,  where  small 
articles,  such  as  forks,  spoons,  knives,  snuff-boxes,  etc., 
are  to  be  gilded. 

IjoX  us  hero  say  that  hot  gilding  offers  several  advan- 
tages over  the  cold  methoil.  The  deposits  are  smoother 
and  cleaner,  the  color  is  deeix^r,  and  the  articles,  removed 
from  the  Ixith,  may  not  require  coloring.  It  will  be  use- 
ful, hon\  to  ct^rreot  the  mistaken  idea,  very  generally 
entertained,  and  which  is  duo  to  the  facility  with  which 
]>leasing  but  not  durable  de^x^sits  with  very  little  gold 
may  Iv  obtaiutxi  in  hot  huhs,  namely*  that  gildings  made 
hf/  (hf  hi^  fnztlwii  anr  {ts^<  rti^iMout  than  th€^8e  obtained  in 

AVo  alfinu,  on  tlio  ivntrary,  that  /or  €^na1  quantiiies  of 
•AVt/  th'i^MitfrK  hi^  f/it\fV  iij  K<  wH.rA  more  durahte  than 
'^'ixi.  This  will  Ix^  luidorsUHxi,  when  we  consider  that 
oltvtrv^iojvsits  aix^  nothiui:  oIm^  than  a  species  of  net- 
work, :ho  !noshi^  oi'  >\hiili  an^  moiv  or  less  close.  Is  it 
no:  pluusiMo  thou,  that  \\  i:h  u  iWd  Kith  and  upon  a  crold 
artioio,  tho  noiwork  shouKl  r^nuiin  what  it  was,  at  the 
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t;i:nie  of  the  deposit;  whereas,  a  cold  surface  plunged 
in. to  a  hot  bath  would  expand  by  the  heat  and  present  to 
t:lxc  deposit  a  larger  surface,  which,  contracting  on  cooling, 
'^^^s^cDuld,  at  the  same  time,  condense  the  meshes  of  the  gold 
ix^twork  deposited? 

Another  proof  of  the  superiority  of  hot  over  cold  gild- 
ii=i^g  is  the  fact  that  we  cannot  gild  by  the  latter  method 
^i^her  steel,  tin,  or  lead,  which  may  be  gilded  in  hot  baths. 
Tlie  removal  of  any  greasy  impurities  or  oxides  which 
xx:m.^  remain  on  the  surface  of  the  articles,  is  likewise 
^-i^ed  by  hot  baths,  and  thus  the  success  of  the  operation 
is     facilitated. 

To  sum  up :  The  want  of  durability  is  not  due  to  the  use 
^^^  hot  baths,  but  to  the  thinness  and  beauty  of  the  deposit 
^^^Inich  it  is  possible  to  obtain  by  the  hot  method,  and  with 
^^^tich  too  many  gilders  content  themselves. 

Cold  Electro-gilding  Baths. 

The  proportions  and  the  nature  of  the  salts  employed 
*^^^  vary  greatly;  but  the  three  formulse  given  below, 
^^*^^  in  general  use  and  give  satisfactory  results. 

First  Formula, 

BATH  WITH  FULMINATE  OP  GOLD. 

Water  (preferably  distilled)  ....  1000  parts. 
Cyanide  of  potassium  (ordinary  70  per  cent.)       30     " 

Gold 10     " 

Aqua  ammonia 50     '<  , 

This  bath  is  prepared  as  follows : — 

1.  Heat,  in  a  glass  flask,  the  10  parts  of  gold  with  25 

"P^xts  of  pure  hydrochloric  acid,  with  the  addition  of  12.5 

^^rts  of  pure  nitric  acid.     When  the  gold  is  dissolved, 

^ntinue  the  heat  in  order  to  expel  the  excess  of  acids, 

ftud  until  the  color  of  the  syrupy  liquid  is  dark  red,  nearly 

Wack.     Remove   then  from   the  fire,  and   dissolve  the 
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brown-yellow  crj'stalline  mass,  formed  on  cxxiling,  in 
ciiiart  or  two  of,  water,  and  pour  into  a  large  poj 
dish. 

Add  to  this  liquid,  the  50  parts  of  anomonia  sperifi- 
in  the  formida,  %vhich  immediately  produces  an  abundunt 
ycHowish  precipitate  of  fiihninate  of  gold  (called  also 
aiuT*tc  of  ammonium,  or  ammnniurct  of  gold).    Throw  the 
whole  upon  filtering  pajier,  and  save  the  wash- waters, 
which  are  slightly  tinged  with  yellow  and  still  eontain 
traces  of  gold.     Wash  the  precipitate  remaining  upon  the 
filter  several  times  with  cold  water,  until  it  no  longer 
smells  of  ammonia. 

The  fulminate  of  gold  should  not  be  dried,  as  in  that 
condition  it  is  highly  explo&ive^  and  detonates  with  vio- 
lence by  a  sli":ht  shock,  or  friction. 

2.  Dissolve  in  the  depositing  vat,  and  in  the  10(>i>  i)an> 
of  water,  the  30  parts  ol  ordinary  cyanide  of  potassium. 
Filter,  if  necessary,  and  add  the  moist  fulminate  of  gold, 
which  rapidly  dissolves  on  stirring,  and  forms  a  dear 
liquid,  wliich  is  the  gilding  bath.  The  ammonia  should 
be  exjMi^lled  by  boiling  for  about  one  hour;  and  when 
cool,  tlie  solutitm  is  ready  for  use. 

For  a  newly  prepared,  cold  electro-gilding  bath.  Rose- 
Irtir  prefers  the  ordinary  cyanide  of  potassium,  whicli, 
containing  ^ome  free  potassa,  renders  the  liquid  a  better 
condtictor  of  electricity.  On  the  other  hand,  for  the  snli- 
neqiitnt  maintenance  of  i*"s  strength,  he  recommends  tb 
pure  cyanide,  which  possesses  the  advantage  of  having  a 
uniform  composition*  and  does  not  load  the  solution  wii 
foreign  salts, 

llie  gold  solution  for  maintaining  the  metallic  strengt 
of  the  hath  is  prepared  as  follows :  Transform  the  gold 
into  fulminate,  as  indicated  above,  and  suspend  the  product 
in  water  (100  parts  of  water  for  each  10  parts  of  gold). 
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th^n  add  cyanide  of  potassium  until  the  liquid  is  colorless. 

r^  s  sufficiency  of  water  has  not  been  used  with  the 
ft^l  i:i[iinate,  the  liquid  will  be  dark  red,  and  will  not  be 
d^o^olorized  by  an  excess  of  cyanide ;  nevertheless,  there  is 
^  o  inconvenience  in  introducing  this  liquid  into  the  im- 
P^^V'erished  bath. 

Second  Formula. 

BATH  OF  DOUBLE  CYA.NIDE  OF  GOLD  AND  POTASSIUM. 

Water  (preferably  distilled)   .         .         .  1000  parts. 

Cyanide  of  potassium,  pure    .         .         .  20     " 

Or  ordinary  cyanide,  according  to  strength  30  to  40     " 

Gold 10     « 

3f  or  the  preparation  of  the  bath,  proceed  as  follows : — 
X .  Convett  the  gold  into  neutral  chloride,  as  in  the 
P^^cjeding  formula,  and,  when  cold  and  crystallized,  dis- 
®^^l>?^e  it  in  200  parts  of  water.     Filter  if  necessary. 

S.  Dissolve  the  cyanide  in  the  remaining  800  parts  of 
^^^^^ter,  filter  if  necessary,  and  mix  the  two  solutions, 
'^''^^xich  become  colorless. 

If  possible,  it  is  recommended  to  boil  this  bath  for 
^^^^^iit  half  an  hour  before  using  it,  by  which  treatment  it 
P^^^omes  a  better  conductor  of  electricity,  and  the  gilding 
^^    ^^riore  uniform. 

X  ts  strength  is  maintained  by  additions  of  neutral  chlo- 
^^^^  of  gold  and  pure  cyanide  of  potassium  (from  1  to  1.5 
l^^^^ts  of  pure  cyanide  to  each  part  of  gold  used). 

"X^hese  two  baths  may  be  diluted  with  an  equal  or  double 
^^Vime  of  water;   the  gilding  will  remain  fine,  but  the 
^*^ount  of  gold  deposited  in  a  given  time  is  proportion- 
ally less. 
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Third  Formula. 

BATH  OF  FERROCYAKTDR  OF  GOLD. 

Ferracyanide  of  potassium  (yellow  prussiate 

of  potiissa) :?n  |)art9. 

CarboniUc  of  potansium,  pure        .         ,         ,  15     " 

Chloritle  of  ammoniym  (sal  ammoniac)  .  3     '* 

Gold  (to  be  transformed  into  chloride)  .         *  1^  ** 
Water           ...... 


laoTi 


Boil 


all 


salts 


ith  the 


the, 


togethi 
cliloride  of  gold,  separate  the  precipitate  of  carbonii 
iron  by  filtration,  add  then  the  chloride  of  gold  dissolved 
in  a  little  water,  and  allow  the  bath  to  cool  of. 

It  is  scarcely  necessary  to  say  that  any  salt  of  golci,  and 
the  oxide,  or  even  the  finely  coinininnted  metal,  may  take 
the  place  of  the  chloride  of  gold ;  but  this  latter  is  pre- j 
ferahle  on  account  of  the  facility  of  its  preparation,  and] 
its  solubility.* 

A  few  operators  prefer  the  fulniinate  of  ^o\A  prepared^ 
as  in  the  first  fornnda. 

The  addition  of  a  little  hydrocyanic  (prussic)  acid  pro 
duces  a  brighter,  but  thinner,  gilding. 

The  indicated  cyanides  may  be  replaced  by  the  cyanides^ 
or  ferrocyanides  of  other,  earthy  or  alkaline,  bas«js,  pro- 
vided they  are  soluble ;  such  are  the  cyanides  of  sodhinitj 
calcium  J  and  ammonium. 

*  The  use  of  the  cyanide  of  gold,  extolled  by  certain  manufacturer 
of  ctiemk^al  products,  has  cotliing  to  recoiimietid  it,  except   that  it 
enables  them  to  sell  at  a  very  high  price  a  product  which  contains  bull 
a  small  proportion  of  metal-     Any  salt  of  gold  will  be  transformed | 
into  cyanide  in  the  presence  of  cyanide  of  pohL*^i?ium,  and  it  is  entirell 
useless  to  [)ay  a  high  price  for  a  product  which  may  readily  be  made 
by  each  one  for  himself.    Ros^ileur  affirms  that  the  small  proportion  Qf 
chloride  of  potassium  result]  njiij  from  the  Iraiisfornialion  of  the  chloride  J 
of  gold  into  cyanide  does  not  interfere  with  the  proper  working  of  tU^ 
baths*     From  this  opinion  we  must  diasent. 
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Ebernieyer  {Dingier^ a  Joiir.n  ccxxiv.  631)  propos(?s  a 
bath  of  very  similar  constitution,  with  the  adilition  of  a 
small  quantity  of  cyanide  of  potassium,  to  aid  its  von- 
ductivity,  and  four  parts  of  gold  to  the  one  thousand  of 
sohition,  for  gildinj^  e opper  wire.  He  prefers,  however,  to 
use  the  bath  at  a  temijerature  of  from  10(F  to  125^  Fah, 

Cold  gilding  baths  are  generally  kept  in  vessels  of 
stoneware,  earthenware,  or  porcelain  ;  but  for  haths  of 
lai^e  dimensions,  wooden  troughs  lined  with  gutta  perelia 
are  used. 

Tlie  interior  walls  of  this  bath  are  partly  covered  by  an 
'  anode  of  gold  entirely  immersed  in  the  bath  and  supported 
on  the  edges  by  small  wires  of  platinum,  and  connected 
by  a  metallic  conductor  to  the  positive  pole  of  the  battery, 
Fig,  97.  The  articles  to  be  gilded  are  suspended,  by  means 
of  metallic  slinging  wires,  to  a  movable  frame  of  clean 
brass  rods  connected  with  the  negative  pole.    • 

The  deposit  of  gold  is  often  pure  yellow,  but  it  lias 
sometimes  a  dull  and  earthy-gray  color.  In  the  latter 
case  it  must  be  scratch-brushed  a  long  time  and  with  the 
greatest  care,  and  then  treated  to  ormolu  coloring. 

The  object  of  the  gold  anode  is  not  only  to  aid  the  elec- 
trical conductivity  of  the  bath,  hut  also  to  maintain  its 
metallic  strength.  Theoretically,  as  much  gold  should  be 
dissolved  from  the  anode  as  there  is  gold  deposited  upon 
the  other  pole ;  but  in  practice  this  is  not  the  case,  and  it 
is  foimd  necessary  to  add  now  and  then  either  the  oxide 
or  the  chloride  of  gold,  and  also  a  certain  proportion  of 
c^wiide  of  potassium,  to  make  up  for  that  transformed 
into  carbonate  of  potassium  and  cyanate  of  ammonium, 

Ebermeyer  {Ding.  Jour,^  ccxxiv.  631)  has  made  a  scries 
of  experiments  to  determine  whether  it  was  possible  to 
ascertain,  from  the  loss  of  weight  of  a  gold  anode,  the 
quantity  of  gold  precipitated  upon  the  cathode  (i.  e.,  the 
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article  receiving  the  deposit).     He  concludes  that  this 
cannot  be  done ;  that,  in  a  gold  bath  containing  much 

Fig.  97. 


_ii^ 


gold,  the  anode  is  only  slightly  attacked :  but,  when  the 
bath  becomes  poor  in  gold,  the  anode  is  more  strongly 
attacked.     So  long,  then  fort\  as  such  baths  still  contain 
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gold  in  notable  quantity,  he  concludes,  the  operator  may 
dispense  entirely  with  the  gold  anode,  and  work  with  one 
of  platinum.  On  this  point,  it  will  be  observed,  Eber- 
meycr  coincides  with  Roseleur. 

The  proportion  of  the  cyanide  should  be  about  double 
that  of  the  chloride  of*  gold  added.  By  observing  the 
color  of  the  bath  and  the  shade  of  the  deposit,  however, 
it  may  be  readily  determined  if  the  proportion  of  the 
chloride  of  gold  is  too  great,  in  which  case  a  larger  quan- 
tity of  the  Syolvent  should  be  added,  and  ince  versa. 

If  gold  predominates,  the  deposit  is  quite  black  or  dark 
red ;  on  the  other  hand,  when  the  cyanide  is  in  excess, 
the  gilding  takes  place  very  slowly  and  has  a  grayish  look, 
and  it  will  often  happen  that  pieces  already  gilded  will  lose 
their  gold,  instead  of  receiving  additions  of  new^  metal. 

Some  gilders,  in  order  not  to  increase  the  density  of 
their  baths  by  the  addition  of  fresh  salts,  add  a  little  hy- 
drocyanic acid,  wdiicli,  displacing  the  carbonic  acid  of  the 
carbonates,  forms  new^  cyanides.  This  process  is  costly, 
and  encourages  the  employment  of  one  of  the  most  poison- 
ous substances.  It  will  be  preferable  to  add  some  water 
with  the  new  salts,  or  to  substitute  for  the  cyanide  of  po- 
tassium, which  is  transfonncd  by  decomposition  into  sol- 
uble carbonate,  the  cyanide  of  calcium,  which,  reacting 
upon  the  carbonate  of  potassium  in  the  bath,  forms  a 
soluble  cyanide  of  potassium  and  an  insoluble  carbonate 
of  calcium  which  separates  by  precipitation.  The  cyanide 
of  ammonium  may  also  be  employed,  and  will,  by  double 
decomposition,  produc€  a  volatile  salt,  the  carbonate  of 
ammonium. 

Notwithstanding  these  inconveniences,  the  cyanide  of 
pota«*sium  is  nearly  always  employed,  because  its  pn^para- 
tion  is  more  simple  and  less  costly. 

When  the  bath  is  not  in  use  the  gold  anode  must  alwavs 
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be  removed  from  it,  athenvise  it  will  continue  to  be  dis- 
served, and  the  bath  will  become  charged  with  too  much 
metal. 

If  the  anode  is  only  partly  immersed  in  the  bath,  it  will 
be  rapidly  cut  at  the  level  of  the  liquid;  and  for  this 
reason  Roseleur  recommends  the  employment  of  anodes 
of  platinum,  which  are  not  acted  upon.* 

Cold  electro-gilding,  in  opposition  to  the  hot  method, 
should  be  done  slowly ;  and  the  oj>enitor  should  frequently 
examine  the  pieces  in  ttie  bath,  in  order  to  scratch^bnish 
those  receivinfj  an  irregidar  deposit,  or  wliich  exhibit 
dark  spots. 

As  it  is  not  ]X>ssible  to  constantly  alter  the  surface  of 
the  anode,  to  correspond  with  that  of  the  articles,  the 
intensity  of  the  current  should  be  often  changed.  With 
too  liigh  intensity,  the  deposit  is  black  or  more  or  less 
red;  with  a  current  of  the  right  intensity,  it  is  yellow. 
"With  a  weak  cmrrent  those  i>ortions  only  that  face  the 
anode  become  covered  with  gold ;  it  is  therefore  advisable 
to  move  the  objects  about  frequently,  in  order  that  the 
deposit  shall  be  regular.  "With  freshly  prepared  baths, 
it  often  happens  that  surflices  already  gilded  will  lose 
their  gold  by  changing  their  positions;  thus,  for  instance, 
if  the  interior  of  a  snuff-box  is  gilded  when  opposite  the 
gold  anode,  it  may  be  iin gilded  by  presenting  the  exterior 
to  the  anode.  When  this  action  takes  place^  it  is  positive 
evidence  either  that  the  bath  contains  too  much  cyanide 
of  potassium,  and  cousequenth'  too  little  gold,  or  that  the 
electric  current  is  too  weak. 


4 
4 


*  It  is  a  pbetiomenon  worthy  of  renmrk,  that  the  solutions  of  cya- 
nides, even  without  tl»e  fiction  of  the  tjlectric  current,  rai>idly  dissolve, 
in  the  cohl,  or  at  a,  niodenile  tern |ji*rat lire,  aH  the  OR'tiils  except  plati- 
num; and  that  at  the  hoiiiiig  point,  they  have  ^oirceiy  any  suiliun  upon 
the  metals. 
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When  the  deposit  obtaiued  in  these  baths  is  defective  in 
color,  although  the  quantity  of  deposited  gold  may  be 
sufficient,  the  proper  shade  or  tone  may  be  imparted  by 
one  of  the  following  methods: — 

L  The  gilded  article  is  steeped  in  a  solution  of  nitrate 
of  niercurv,  untd  its  color  has  become  white.  It  is  then 
heated  to  volatilize  the  mercury,  and  lastly  scratch- 
brushed. 

2.  Dip  the  article  in  strong  sulphuric  acid,  then 
heat  it  until  abundant  white  fumes  are  disengaged,  and 
immerse  it,  still  hot,  in  a  weak  pickle  of  sulphuric  acid. 
In  this  case,  the  acid  has  destroyed  the  organic  impurities 
whicli  may  exist  in  the  deposit,  and  reduces  to  the  metal- 
lic stati?  the  sid>salts  of  gold. 

3.  Smear  the  gilded  article  with  a  thick  magma  of  pow* 
dered  bumx  and  water,  or  with  biphosphate  of  yalcium,  of 
the  consistency  of  honey,  and  heat  imtil  igneous  fusion 
takes  place.  Tlieu  plunge  the  article  into  diluted  sul- 
phuric acid,  which  dissolves  the  borax  or  the  biphosphate 
and  leaves  the  gold  with  its  natural  bright  lustre. 


CHAPTEli  XXI, 


ELECTRO-GILDING  IK  HOT  BATHS GREEN  GOLD WHITE  GOLD 

RED  GOLD PINK  (OR  NEW)  GOLD, 

Electro GUding  in  Hot  Baths. 

We  have  already  stated  that  this  mode  of  gilding  is 
more  regular  in  operation,  more  rapidly  executed,  and 
exhibits  greater  richness  of  coloring,  than  that  obtainrtl 
with  cold  baths. 

The  composition  of  the  baths  may  l>e  greatly  varied ; 
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the  four  following  formiilfe,  liowever,  are  esi>ecially  re* 
cominendcd  by  Roseleur. 

These  formiihr  are  set  down  in  the  order  of  their  value, 
the  first  one  being  tlie  most  highly  esteemed. 

Fir  it  Formula, 

Phosphate  of  sodiuni  (crjrslttUized).        ,         .  60  ptirts. 

Bisulphite  of  sodium     ,          .          ♦          .          .  10      '^ 

Cyanide  of  potassium,  pure  ....  1  part. 

Gold*  (to  be  tmnstbrm<*d  into  fMoride)         ,  1      •* 

Rain  (or  dietilied)  water        .         ,         .         .  1000  |>ar(s. 

This  formula  is  equally  satislactory  for  the  rapid  electro- 
gilding  of  silver,  bronze,  copper,  German-silver,  and  other 
alloys  rich  in  copper.  On  the  other  hand,  for  gilding 
wrought  and  cast  iron  and  stecL  directly,  that  is  to  say. 
without  a  previous  coating  of  copper,  the  formula  should 
be  modified  as  follows  : — 

Dietilled  water 1000  parts. 

Phospliate  of  sodium 50     *' 

Bieulphite  of  sodium     ,          ♦         .          .          .  12^  '* 

Cyaniiie  of  potasaiuni  (pure)          .         .         .  ^  part. 

GiM 1     '* 

If,  on  the  contrary,  we  wish  to  gild  zinc,  tin,  lead,  anti- 
mony, or  the  alloys  of  these  metals,  it  is  always  preferable 
to  give  them  a  previous  coating  of  copper,  or,  at  least,  to 
begin  the  gilding  in  a  hot  gold  electro-bath,  nearly  spent. 

*  It  should  be  well  underRtood,  once  for  all,  unless  the  contrary  is 
expressly  slated,  that  the  projwrtion  of  gold  indicated  in  all  ihrse  for- 
miilae  i^  that  of  the  metal  employed,  and  not  that  of  ilie  resultin<T  salt. 
Jt  is  not  nccessuiry»  therefore,  to  consider  tlie  weight  of  the  chloride 
when  the  gold  has  been  dissolved  in  aqua  regia.  For  ihe  informalion 
4,f  those  who  buy  the  chloride  of  gold  already  prepared,  Vktt  will  say 
lUat  JO  \mm  of  melidlic  gold  correspond  to  about  18  jwrts  of  neutral 
chloride,  or  to  lit)  or  22  part*  of  acid  chloride,  such  as  is  sold  by  chemt- 
4^  dealers. 
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^^x<3  to  scratch-brush  the  articles  carefully.  The  gilding 
m^  completed  in  a  fresh  hot  bath,  with  quite  an  energetic 
Current, 

^HEPARATION    OF   THE    HOT    ELECTRO-GILDING   BATH    BY   THE 
Ij  PRECEDING  FOKMULA, 

We  proceed  as  follows : — 

■  1.  Into  a  porcelain  dish,  or  an  enamelled  cast-iron 
"  kettle,  heated  over  a  charcoal  fumace,  introduce  800  parts 

of  rain  (or  distilled)  water,  and  stir  into  it  the  GO  parts  of 
^crystallized  phosphate  of  sodium.  When  the  salt  is  en- 
tirely dissolved,  remove  the  vessel  from  the  fire,  filter  if 
■necessary,  and  allow  the  solution  to  cool  off, 
2.  Introduce  into  a  glass  flask,  1  part  of  finely  laminated 
gold,  with  1|  parts  of  pure  nitric  acid  and  2^  parts  ol 
piire  hydrochloric  acid.     Heat  slowly  until  all  the  gold 

■  has  dissolved,  and  then  more  rapidly  to  expel  the  excess 
^  of  acid.    There  should  remain  in  the  flask  a  syrupy  liquid 

of  a  l)lackish-red  color.  Then  remove  the  flask  from  the 
fire,  and  allow  the  contents  to  cool,  when  it  should  form 
^a  brown-red  crystalline  mass. 

3.  Dissolve  in  a  porcelain  dish,  in  100  parts  of  water.  10 
IpartK  of  bisulphite  of  socUum  and  from  |  to  1  part  (nccord- 
[ing  to  circumstances)  of  pure  cyanide  of  potassium. 

4,  Then  dissolve  the  neutral  chloride  of  gold  in  tlie  re- 
maining 100  parts  of  water,  and  jiour  it  slowly  (stirring 
all  the  while  with  a  glass  rod),  into  the  cold  solution  ot 
phosphate  of  sodium.  This  mixture  acquires  a  greenish- 
yellow  tinge;  and  without  losing  time,  pour  into  the 
mixture  the  solutions  of  bisulphite  and  of  cyanide.  The 
resulting  lirpiid  soon  becomes  colorless,  and  the  gilding 

I  bath  is  ready. 

If,  instead  of  allowing  the  solution  of  phosphate  oJ 
ium  to  cool  off",  the  chloride  of  gold  were  poiu*ed  into 
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it  while  hot,  tliere  would  be  danger  of  a  partial  reduction 
of  the  gold,  in  the  form  of  a  browiiish-red  powder. 

To  sum  up,  the  propi^r  preparutioii   of  this  bath  re 
(piires : — 

1.  The  solution  of  60  parts  of  phaspliate  of  sodium  in 
800  parts  of  water,  which  shoidd  be  allowed  to  cool  off ; 

2.  The  solution,  in  100  parts^  of  water,  of  the  chloride 
reHuIting  from  the  treatment  of  1  ]>art  of  gold  with  aqua 
regiu,  and  its  gradual  mixture  with  the  former  solution  ; 

3.  The  solution  in  the  reinaining  100  parts  of  water, 
of  10  ])arts  of  bisulphite  of  sodimu,  and  1  jjiirf  of  pure 
eyauide,  and  the  mixture  of  this  last  solution  with  thi 
prec  eding  ones. 

Roseleur  deprecates  the   practice  of  many  gilders  \n\ 
substituting  ordinary  for  distilled  water,  then  dissolving 
all  the  salts  together  except  the  chloride  of  gold,  and  add- 
ing the  last  to  the  liquid  while  the  latter  is  still  hot.    This 
method  is  certainly  more  rapid,  but  always  produces  tur-  — 
bid  baths,  the  working  of  which  is  uncertain.  | 

The  tiot  electro-gikhng  baths  are  kept   in  porcelain 
dishes  for    those  of  small  dimensions,  but.  with   large 
volumes,  enamelled  cast-iron  kettles  are  employed.     They 
are  worked  at  a  temperature  which  may  vary  from  110^__ 
to  175°  Fah.  ^ 

Small  articles,  like  brooches,  bmcelets,  and  trinkets 
in  general,  are  kept  in  the  right  hand  with  the  conducting 
wire,  and  immersed  and  constantly  agitated  in  the  liath. 
The  left  hand  holds  the  anode  of  platinum  wire,  which 
is  steeped  more  or  less  in  the  liquor,  according  to  the 
surface  of  the  articles  to  be  gilded. 

Large  jjieces  are  suspended  from  one  or  more  brass 
rods,  and  immersed  in  the  bath  along  with  the  phitiuuni 
anode  and  are  allowed  to  remain  motionless. 
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The  gilding  is  very  rapid,  and  a  sufficient  thickness  is 
^^taincil  after  an  itnmcrsion  of  a  few  minutes. 

PThe  shade  of  the  gold  deposit  is  modified  by  dipping 
^lie  platinum  anode  more  or  less  into  the  liquid.     If  it 
tlips  but  a  little,  relatively  to  the  surface  of  the  articles, 
I       the  gilding  is  pale  ;  by  immersing  it  more  and  more,  the 
H  shade  will  become  deeper  and  deeper,  until  it  is  decidedly 
red. 
Generally,  the  gilders  of  trinkets  nearly  exhaust  their 
'       baths;  and  as  soon  as  they  cease  to  give  satisfactory  results 
B  make  a  new  one,  and  keep  the  old  bath  for  colored  golds, 
Has  shall  be  explained  further  on,   or  for  beginning  the 
B  gilding  of  artich:s  which  are  scratch-bnxshed  and  then 
"iiiiished  in  a  fresh  bath.     On   the   contrary,  those  who 
I      ^ild  large  pieces  maintain  the  strength  of  their  baths  by 
Hauccessive  additions  of  chloride  of  gold,  or,  wliat  is  better, 
of  equal  parts  of  fidrainate  of  gold  and  pure  cyanide  of 
potassium.     In  this  manner  baths  may  Im*  made  to  last 
a  long  time,  but  they  are  open  to  the  inconvenience  of 

»fiuiiishing  a  red  or  green  gilding,  after  having  served  to 
gild  many  articles  of  copper  or  of  silver. 
As  a  general  rule,  it  is  preferoble  to  replace  an  im- 
poverished batli  by  a  fresh  one,  instead  of  keeping  up  its 
I      strength  by  additions  of  metal. 

B      Articles  of  copper,  or  its  alloys,  should  be  perfectly 

cleansed,  and,  according  to  the  judgment  of  the  o[>erator, 

will  be  passed,  or  not,  through  a   vert/  dihded  solution  of 

nitrate  of  mtn'cury.     Silver  requires  to  be  well  cleansed 

I      by  dipping*  and  perfectly  scratch-brushed.     For  this  latter 

BmetaK  the  gilding  should  be  strong,  in  order  to  prevent 

^  the  comers  and  parts  in  relief  from  soon  becomiug  white 

from  wear;   and,  wlieu    practicable,  a  good    precaution 

^will  be  to  give  it  a  preliminary  coating  of  copper  or  I)rass» 

)r  at  least  a  first  gilding  in  an  old  bath. 
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Second  Formula  for  Hot  Gilding, 
FhoApbate  of  Bodiuiti     . 
Bisulphite  of  sodium     . 
Bicarbonate  of  jKJtassium 
Caustic  potaasa     .         .         »         . 
Cyanide  of  pot^issiiirn    . 
Gold    •...., 
Riiin  (or  distilled)  water 


40  parts. 
JO     ^* 

5     '' 

1^  part. 
1000    pfirU. 


All  the  substances  except  the  chloride  of  gold  may 
dissolved  together,  and  if  necessary  filtered;   then    the 
solution  of  the  chloride  of  gold  is  added.     This  bath  is  i 
used  at  a  temperature  of  from  110°  to  140°  Fah.,  and 
produces  a  very  line  gilding,  but  it  requires  quite  an  in* 
tense  electric  cuiTent.     It  is  not  adapted  for  the  direct] 
gilding  of  iron  or  steeL 

Third  Formula  for  Hot  Gilding* 

Ferrocyanide  of  potassium    .         .         .         .       ITi  parts. 
Carbonate  of  potassium  (pure)       -         *         .         5     ** 
CKIoride  of  atuniuiiium  .  .         .         ,         2     '^^ 

Gold    .....*..!  part. 
Water  .  .  ,         .  .  .  .50(1  jwirts* 

The  first  three  salts  are  dissolved  in  hot  water,  and  the 
solution  is  filtered ;  after  cooling,  the  gold  solution  is 
added,  and  the  whole  brought  again  to  a  boil  for  half  an 
hour,  taking  care  to  replace  the  evaporated  water. 


Fourth  Formula  for  Hot  Gilding. 
Cyanide  of  jiotassiiuii  (pure) 


Gold    . 
Water 


5  parts. 
1  |mn. 
300  parts. 


DissTjIve  the' chloride  of  gold  in  the  whole  of  the  water, 
and  add  the  cyanide  little  by  little.  This  rapidly  dissolves 
and  forms  a  completely  colorless  liquid. 

Of  this  bath,  Roseleur  remarks,  it  may  be  employed 
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almost  without  regard  to  tempemtiire,  and  its  simple  for- 
mula should  render  it  preferable  to  all  others,  were  it  not 
that  it  is  variable  in  its  operation.  This  bath,  he  adds, 
is  especially  open  to  the  objeetion  of  nngilding  one  face 
of  the  object  while  the  other  face  is  being  gilded,  or  oi 
producing  a  red  gilding  at  tlie  bottom  and  a  yellow  one 
at  the  top  of  an  object.  This  inconvenience,  and  others 
not  enumerated,  he  coneludesi  may  be  made  to  disappear, 
thougli  only  imperfectly,  by  a  prolonged  ebullition. 

The  first  formula  alone  is  recommended  by  tliis  au- 
thority for  the  direct  gilding  of  wrought  iron,  polished 
cast  iron,  and  steeh  The  gUding  obtained  upon  these 
metals  with  the  other  formulae  above  named  he  does  not 
consider  to  l>e  so  good* 

For  gilding  polished  steel  without  the  interposition  of 
copper,  Koseleur  recommends  the  operator  to  diminish 
by  one-half  the  proportion  of  cyanide  indieuted  in  the 
first  formula ;  his  proportions  would  therefore  be  ^  part 
of  cyanide  to  1  of  gold. 

The  articles  of  steel,  after  cleansing  by  alkalies,  are 
rapidly  passed  through  a  very  diluted  solution  of  hydro- 
chloric acid,  wiped  off  when  practicable,  and  immersed 
in  a  Vinry  hot  bath  with  an  intense  galvanic  current  at  tiie 
beginning,  which  is  gradually  diminished  afterwards  by 
progressively  withdrawing  the  platinum  anode. 

Small  articles  of  steel,  such  as  pens,  watch-hands,  etc., 
BTv  threaded  upon  a  thin  lirass  wire,  and  separated  one 
from  the  other  by  glass  l>etids.  After  cleansing,  they  are 
su!^)ended  in  a  lioiling  bath,  then  rinsed,  and  dried  in 
hot  and  dry  sawdust. 

Steel  that  has  been  tempered  blue,  is  at  once  discolored 
by  its  passage  through  very  dilute  hydrochloric  acid  (say 
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Company,  of  Hartford,  Conn.,  is  to  deposit  gold  and  silver 
direct  on  iron  and  stecL  In  the  gildinij  of  Britannia 
ractal,  German-silver,  etc.,  as  the  practice  of  this  estab- 
lishment is  to  nse  the  gildioff  solntion  hot,  these  eomiKV 
sitions  are  first  coppered  or  silvered  in  a  cold  bath  in  the 
usual  way,  as  the  hot  alkahne  solntion  would  oxidize 
these  metals  and  the  gilding  would  be  without  adherence. 
The  proportions  of  the  double  cyanide  gilding  bath,  as 
above  remarked,  are  varied  very  much  in  practiee  without 
affecting  the  quality  of  the  work,  as  will  appear  from  the 
following  statements  derived  from  various  authoritative 
sonrces.  Gore  (Elect roAIetaUurgt/^  131)  recommends  as* 
a  very  good  proportion  : — 

gore's  electro-gilding  bath. 
I. 

Cyanide  of  potassitim  ....  16  parts. 

Gold  .......  1  part. 

Water IGO  |«in8. 

Or, 

IL 

Cyanide  of  pota^sitim         .         .         .         .     7  to  8  jmrts. 
Cyanide  of  gold         .         .         .         ,         .  1  [>aru 

(Corre  15  ponding  to  gold  aUont  ^  ^>arL) 
Water 100  parts. 

Or, 

III 

Cyanide  of  pofa»sium  .         .         .         .  32  parts. 

Golil 4     ** 

Water IGO     ** 

The  same  anthor  states  that  the  proportion  of  gold  in 
the  electro-giklinp;  soUvtions  used  in  hirge  establishments, 
varies  as  much  as  from  |  ounce  to  50  Troi/  ounces  to  the 
gallon. 

We  may  add  that  the  gilding  solution  used  by  the 
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AVm.  Rogers  Manufacturing  Company,  of  Hartford,  con- 
tains considcnilily  less  than  ^  ounce  gold  to  the  gallon, 

^fi^ieT{El€ctro'Afetallurr/i/  (1876),  p.  168) recommends 
for  general  work  a  gilding  solution  containing  from  one- 
half  to  one  ounce  of  gold,  but  adds  that  for  gilding  small 
articles,  '*a  weaker  solution  will  do." 

Urquhart  {Electro-Plating,  174)  on  this  point  has  the 
following  :  ''  The  proportions  of  gold  and  potassiiun  cya- 
nide to  the  gallon  of  solution  vary  according  to  the  class 
or  kind  of  work  to  be  done  in  it.  A  fourth  of  an  ounce 
of  gold  will  be  found  to  work;  half  an  ounce  will  afford  a 
better  deposit  in  less  time ;  anrl  one  ounce  is  sufficient  for 
all  ordinary  work*  Tlie  current  needetl  for  the  richer  solu- 
tions is  small.  Rich  solutions  admit  of  the  complete  art  of 
electro-gilding  being  practised,  and  the  various  sliadcs  of 
color  being  given  to  the  articles  ;  wiiile  the  weak  solutions 
are  only  fitted  for  practically  one  color  of  gilding." 

Watt  {Electro Meiallnrfjyy  59)  remarks  that  ''  some 
gilders  use  five  or  six  pennyweights  of  gold  to  the  quart 
of  solution,  others  as  much  as  eight  or  ten  pennyweights; 
but  I  have  generally  found  that  a  solution  containing  less 
gold  will  give  better  results  than  one  richer  in  mctah  in- 
dependent of  the  advantage  in  point  of  economy.  I  have 
observed  that  a  bath  containing  five  or  six  pennyweights 
of  gold  to  the  quart  of  water,  and  the  necessary  proportion 
of  cyanide^  and  worked  in  several  united  cells  of  Smee's 
battery,  has  required  a  much  larger  surface  of  anod*^  to  be 
ex{K>sed  to  a  given  surface  of  negative  electrode  (that  is, 
the  article  to  be  gilt),  than  would  be  required  to  gild  an 
article  in  a  solution  containing  one  and  a  half  penny- 
weights to  the  quart  of  solution,  worked  with  a  single  cell 
of  constant  battery.  Hence  I  infer  that  the  weaker  so- 
lution is  the  better  conductor  of  the  two/* 

Uapier  {Electro-MetaUuryy^  168)  calls  attention  to  the 
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fact  that  the  temperature  at  which  the  bath  is  worked  h 
a  decided  influence  ou  the  color  of  the  deposited  gold, 
well  as  on  the  current  required.     The  hotter  the  solutio 
the  les!*  current  is  required.    "Generally,"  he  adds,  *'  thi'ee 
or  four  pairs  of  plates  are  used  for  gilding,  and  the  solution 
is  kept  at  130^  to  150°  Fahr. ;  but  one  pair  will  answe: 
if  the  solution  is  heated  to  200°  Fahr. 


I 


For  gilding  German-silver,  Watt  prefers  to  work  the 
bath  at  a  lower  temperature  than  usual  with  hot  bathsJH 
to  weaken  the  solution,  and  to  expose  a  smaller  surface 
of  anode.  The  bath,  he  directs,  should  be  so  weak  that 
the  German-silver  will  not  deposit  the  gold  per  se  (that 
is  without  the  battery) ;  for  gilding  iron  and  steel  goods,  he 
directs  that  the  bath  should  be  weaker  than  for  any  other 
metal;  and  for  this  purpose,  recommends  the  following, 
with  which  Gore  substantially  agrees: — 

Watft  FormuiaJ&r  GihUng  Iron  and  SteeL 
Ordinary  gildiug  solution  (containing,  say,  one 

ounce  of  gold  to  llie  gallon)      ,         ♦         .       4  parts. 
Cyanide  of  potassium,  about       .         .         .     16     ** 
Wttt«r 20     *' 


This  solution  would  contain  between  3  and  4  dwts. 
gold  to  the  gallon.     It  should  not  be  worked  so  hot  as  the 
ordinary  s^olution,  and  with  weak  current,  and  small  anocl 
surface,  and  deposition  must  take  place  at  first  very  slowly. 
He  ]>refer8  also  to  gi\^e  articles  of  iron  or  steel  a  prelim- 
inary coat  of  copper  or  brass  before  gilding. 

Gore,  on  the  other  hand,  in  his  directions  as  to  gilding 
conforms  very  nearly  to  the  usual  American  practice,  i 
omitting  the  preparatory  coppering  of  iron  and  steel 
Respecting  other  base  roetals,  he  recommends  (Electro- 
Meialli(rfjt/^  14^2)  before  gilding  that  articles  composed  of 
antimony,  lead,  tin  or  zinc,  Britannia-metal,  pewter,  type- 
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metal,  etc.,  should  receive  a  film  of  copper  or  brass  in  a 
cyanide  solution. 

In  this  connection,  it  may  be  observed  that  all  author- 
ities on  this  subject,  with  the  single  exception  of  Roseleur, 
agree  in  the  statement  that  no  solution  has  been  found  to 
work  so  well  for  electro-gilding  as  the  simple  cyanide  of 
gold,  dissolved  in  a  solution  of  cyanide  of  potassium,  or  the 
double  cyanide  of  gold  and  potassium  dissolved  in  water. 

It  is  possible  that  the  inconveniences  attendant  upon 
its  use,  as  reported  by  Roseleur,  may  be  due  to  the  method 
of  preparing  it.  For  it  will  be  observed,  Roseleur,  in  this 
and  several  other  formulae  recommended  by  him,  adds  the 
chloride  of  gold  directly  to  the  potassium  cyanide  solution, 
without  first  converting  the  gold  into  cyanide:  The  ad- 
ditional labor  required  to  do  this  is  very  slight,  but  many 
electro-gilders  follow  the  same  careless  method.  The 
result  is  that  there  is  formed  in  the  gilding  bath  a  quantity 
of  chloride  of  potassium  which  is  the  equivalent  of  the 
gold  chloride  decomposed  by  the  cyanide;  and  careful 
observers,  who  have  studied  this  subject,  do  not  hesitate  to 
affirm  that  the  presence  of  this  foreign  salt  often  seriously 
interferes  with  the  successful  working  of  the  bath,  when 
everything  else  may  be  in  perfect  order.  It  is  worthy  of 
notice  also,  that  Roseleur  in  his  directions  for  preparing 
the  usual  cyanide  bath  for  electro-plating  (silvering)  calls 
attention  to  the  practice  followed  by  some  operators  of 
adding  their  chloride  or  nitrate  of  silver  directly  to  the 
cyanide,  and  deprecates  the  practice  as  objectionable  on 
the  same  grounds  that  we  base  our  objection  to  his  anal- 
ogous mode  of  preparing  the  electro-gilding  bath.  It  is 
certainly  safer,  and  will  be  found  more  satisfactory  by  the 
operator,  to  first  convert  the  chloride  of  gold  into  cyanide 
by  the  gradual  addition,  drop  by  drop,  of  cyanide  of  po- 
tassium, with  constant  stirring,  and  allowing  the  precipitate 
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always  to  subside  before  adding;  a  fresh  quantity,  and  ceas^ 
ing  to  add  any  more  cyanide  when  the  addition  of  a  drop 
or  two  ceases  to  cause  any  more  precipitation.  The  result- 
ing cyanide  of  goUi  should  be  carefully  washed  by  decan- 
tation,  first  pouring  off  the  snijcniatant  liquid,  and  then 
washing  and  decanting  Beveral  times  with  fresh  water. 
These  wash  waters  should  be  kept  to  save  any  traces  of 
gold  they  maycontnin.  I'he  washed  gold  cyanide  si lould 
tbeu  he  dissolved  in  tlie  quantity  of  cyanide  of  potassium 
named  in  the  formula;  and  the  result  will  be  a  gikling 
bath  free  from  useless  and  possibly  injurious  ingredients. 
The  double  cyanide  gilding  bath  may  also  be  prepared 
by  electrolysis.  For  this  purpose  prepare  a  solution  of 
cyanide  of  potassium  of  the  desired  degree  of  concentra- 
tion, and,  employing  a  sheet  or  plate  of  gold  for  an  anode, 
and  a  plate  of  platinum  or  gold  as  the  cathode,  pass  the 
current  tbrough  the  solution  for  an  hour  or  two,  keeping 
the  temperature  at  about  150^  Fall,  When  the  bath  is 
supposed  to  contain  enough  gold,  its  condition  is  tested 
occasionally,  to  ascertain  the  fact,  by  disconnecting  the  H 
gold  or  platinum  cathode,  and  substituting  a  well  cleansed 
article,  say  of  German-silver,  in  its  place  for  about  a  min- 
ute. When  the  appearance  of  the  artick^  tested  indicates 
a  satisfactory  deposit  of  gold,  the  bath  is  in  proper  working 
condition,  and  may  be  used  at  once,  with  the  same  cur- 
rent and  anode.  By  this  method,  however^  the  bath  must 
necessarily  contain  free  potassa,  equivalent  in  quantity  to 
the  amount  of  gold  converted  into  cyanide,  which,  in  time, 
will  absorb  carbonic  acid  from  the  atmosphere,  and  thus 
introduce  the  carbonate  of  potassium  into  the  bath.  This 
fault  may  be  avoided,  by  adding  to  the  bath  when  freshly 
prepared  a  small  quantity  of  hydrocyanic  acid,  which  will 
convert  the  tTce  potassa  into  cyanide  of  potassium ;  or,  after 
the  bath  has  been  exposed  to  the  atmosphere  long  enough 
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to  convert  all  the  potassa  into  carbonate,  by  adding  a  small 
quantity  of  the  cyanide  of  calcium,  which  will  form,  by  dou- 
ble decomposition,  insoluble  carbonate  of  calcium  (which 
falls  to  the  bottom  as  mi  inert  powder)  and  cyanide  of  pota»- 
mnm.  The  preparation  of  the  cyanide  gilding  bath  by  elec- 
trolysis is  rarely  practised  on  the  large  scale,  where  the 
method  of  preparation  by  chemical  means  is  adopted.  It  is, 
however,  well  adapted  for  the  wants  of  amateurs  and  others 
operating  on  a  small  scale,  and  it  has  the  advantage  of 
insuring  the  operator  against  the  loss  of  any  of  his  gold, 
which,  if  he  is  inexperienced,  niight  occur  by  the  use  of  the 
chemical  methods  of  preparing  the  bath* 


OENERAL  OBSEKVATIONS  UPON  HOT  ELECTRO-GILDING. 

Hot,  as  well  as  cold  baths,  may  be  used  in  a  more  con- 
centrated condition,  that  is  to  say,  the  quantity  of  water 
may  be  diminished  without  changing  the  proportions  of 
the  salts  and  of  the  gold.  R*»seleur  finds  it  preferable, 
in  practice,  to  use  diluted  solutions,  which  deliver  the 
metal  in  smaller  quantity  in  a  given  time,  but  with  a 
better  aggregation  of  its  molecules. 

Instead  of  suspending  the  articles  in  a  state  of  immo- 
bilty  in  the  hot  baths,  they  should,  as  far  as  practicable, 
hi*  kept  in  constant  agitation.  By  this  artiticc  fresh  por- 
tions of  the  liquid  are  constantly  brought  in  contact  with 
the  objects,  and  the  gilding  acquires  a  uniform  color. 

Where  it  is  desired  to  gild  only  the  inside  of  an  article, 
as  for  instance,  a  silver  cream-ewer,  sugar-bowl,  mug,  etc, 
the  gilding  is  most  conveniently  done  (after  proper  clean- 
sing) by  connecting  the  handle,  or  other  convenient  part 
of  the  exterior,  with  the  negative  wire,  carelully  suspend- 
ing a  gold  anode  in  the  centre  of  the  vessel,  then  filling  the 
vessel  up  to  the  upper  edge  with  the  gilding  solution,  and 
sing  the  current  until  a  sufficient  deposit  has  been 
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obtained.  The  extreme  edge^  the  lips  of  jugs,  and  other 
parts  of  irregular  outline  at  the  upper  portion  of  the^e 
vessels^  which  cannot  be  reached,  may  be  gilded  either 

by  guiding  the  en r rent  through  a  rag  wetted  with  the 
gilding  solution  and  laid  on  the  part,  or  by  suspending 
the  article  in  a  little  gilding  solution,  so  that  the  unguilded 
extremity  may  he  immersed,  after  having  protected,  by 
stopping-off  \  arnish,  those  parts  of  the  exterior  that  may 
also  dip  into  the  solntion* 

Copj>er  or  bniss  goods  that  have  mountings,  pewter-sol- 
dered, may  give  trouble  from  the  indisposition  of  the  sol- 
der to  receive  a  proper  deposit.  In  this  case,  the  simplest 
mode  of  proct*dure  is  that  nTomrnended  by  A\"att,  namely, 
to  moisten  the  soldered  places  with  a  drop  of  aeiditied  sid- 
phate  of  copper  (or  concentrated  solution  of  silver)  and 
touch  the  same  mth  a  piece  of  steeU  w  hen  the  moistened 
parts  at  once  receive  a  bright  coating  of  copper  (or  silver), 
w*hich  may  be  strengthened,  if  necessary,  by  repeating  the 
operation.  Thus  coated,  the  soldei^d  spots  at  once  accept 
the  gilding. 

Roseleur  prefers  to  use  as  the  anode  in  hot  electro- 
gilding,  a  foil  or  a  wire  of  platinum  in  plac^  ol  one  of 
gold,  for  the  reasons  that  it  is  not  dissolved,  and  is  more 
handy  for  regidating  the  intensity  of  tlie  current,  by  im- 
mersing  it  more  or  less  deeply  into  the  liquid*  With  the 
same  bath  and  cnrrent,  tliis  anode  will  effect  the  deposit 
4:>f  gold  witli  tlu'ee  different  shades:  a  |nde  color,  with  the 
anode  dipping  bnt  sliglitly ;  a  yellow  color,  when  the  im- 
jnersion  is  greater;  and  a  red  gold,  if  the  whole  anode  is 
immersed.  These  various  shades  are  simply  due  to  differ- 
ent modes  of  agyregation  of  tlie  gold  molecules,  and  tbe 
phenomenon  becomes  more  striking  when  we  operate 
with  baths  containing  alloys.  Thus,  for  instance,  in  a 
bath  of  pink  gold,  composed  of  gold,  copper,  and  silver, 


ELECTKOHIILDING    IN    HOT   BATHS. 


ve  may  at  will,  and  by  increasing  or  diminishing  the 
length  of  the  platinum  anode  in  the  liqnid,  impart  to  the 
deposit  a  white,  yellow,  or  red  shade,  since  the  various 
metals  require  for  their  reduction  different  degrees  of 
intensity  in  the  galvanic  current. 

Therefore,  with  hot  electro-gUding  baths,  and  especially 
with  small  articles,  a  skilful  operator  with  his  right  hand 
will  keep  them  constantly  moving  in  the  liquid,  while  the 
left  is  employed  in  changing  the  position  of  the  platinum 
anode,  so  as  to  suit  the  surface  and  the  nature  of  the 
articles,  and  obtain  the  desired  shade. 

All  the  hot  electro-gilding  baths  may  be  maintained  at 
normal  strength  by  successive  additions  of  cldoride  of  gold  , 
with  a  proper  proportion  of  the  other  salts ;  but  it  will 
soon  be  noticed  that,  with  the  increasing  density  of  the 
liquid,  tlic  results  become  inferior,  and  that  it  is  better  to 
use  up  tlie  bath  entirely  and  prepare  a  fresh  one. 

When  a  bath  brcomt^s  exhausted,  the  gilding  is  reddisli 
in  tint,  if  much  cojiper  has  hi-en  gilded  in  it,  and  green  in 
the  case  of  silver  articles.  It  may  be  used  then  for  giving 
a  preparatory  coating  to  objects  which  are  finished  in  a 
fresh  liath. 

Electro-gilding,  either  by  the  cold  or  hot  method,  may 
present  many  different  colorations,  due  sometimes,  as 
already  said,  to  different  modes  of  molecidar  aggregation, 
but  oftener,  to  the  alloying  of  other  metals  with  the  gold. 
Thus  green,  or  white  golds,  result  from  the  simultaneous 
deposition  of  gold  and  siher  in  various  proportions ; 
red  gold,  from  an  alloy  of  copper  and  gold ;  and  pinU 
gold,  from  the  combination  of  gold,  silver,  and  copper. 


Green  and  White  Gikllng, 

To  obtain  these  shades,  it  is  sufficient  to  add  to  one 
of  the  above  baths  a  solution  of  the  double  cvanide  of 
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silver  and  potassiiim,  or  a  diluted  solution  of  nitrate  of 
silver  until  the  desired  shade  is  obtained.  The  tints 
will  vary  from  a  leek-j^reen  to  a  very  pale  whitish-yel- 
low. This  kind  of  fielding,  mingled  upon  the  same  arti- 
cles with  red,  yellow,  or  pink  gold,  produces  splendid 
effects  of  contrast,  especially  upon  chased  parts,  where 
the  green  gold  assumes  a  velvety  lustre. 

Red  Gihling 

IS  obtained  by  mixing,  in  suitable  proportions,  the  elec- 
tro-eop|Kn*  bath,  already  described,  with  one  of  the  baths 
for  elfTtro-gilding.  We  may  also  i\^  for  tliis  purpose  an 
old  bath  in  which  many  co.pper  articles  ha\  e  been  gilded, 
with  a  quite  intense  current.  Yellow  gilding  may  be 
made  to  pass  to  red,  by  healing  it  after  smearing  it  w  ith 
a  paste  of  acetate  of  copper,  cream  of  tartar,  and  com- 
mon salt,  called  ffveen  for  red  by  old  gilders  (see  this 
term  in  the  chapter  on  Ciikmical  Products  at  the  end  of 
this  work).  The  heated  piece  is  plunged  into  a  weak 
solution  of  sulphuric  acid,  and  afterwards  carefully  scratch- 
brushed. 


Pinh  Gilding, 

This  species  of  gilding  requires  many  precautions, 
and  is  the  most  difficult  to  obtain,  not  only  on  account  of 
the  diflerent  tendencies  of  the  various  metals  to  decompose 
under  the  influence  of  the  current,  but  also  because  the 
jewellers  disagree  as  to  what  shoidd  be  called  the  proper 
sTiade.  The  gilder  should  expect  trouble  on  that  account, 
since  he  will  have  to  vary  the  shade  for  each  customer, 
some  preferring  a  gilding  slightly  yellower,  and  otliers 
redder,  or  whiter.  Roseleur  holds  that  pink  gilding,  to  be 
perfect,  should  present  at  the  same  time  the  red,  yellow 
and  white  shades,  in  such  a  manner  that  a  practised  eve 
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will  distinguish  them.     It  is  impossible  to  describe  the 
effect  produced  by  these  mixed  tints,  wliich  can  be  remem- 
bered only  after  having  been  seen. 
1^      Some  time  ago,  the  various   shades  of  pink  were  ob- 
H  tained  by  gilding  in  the  following   batli  at  different  tem- 
f  peratures,  and  with   currents  of  variable  intensity,  the 
articles  already  yellow-gilded  by  battery,  or  by  immersion, 

I  This  bath  was  composed  of — 
New  silvering  kith  ..,,*!  part. 

Hot  gilding  bath  (new)  *  .         .         .       2r**  parls. 

^m        New  coppering  batli        .  .         •       lo    " 

This  formula  has   no  regularity  in  its  working,  and 
may  give  to  a  first  batch  of  articles  a  white  color,  to  the 
second  a  red,  and  to  the  third  a  dull,  dark  shade. 
^      At  the  present  time  the  following  methods  are  used : — 
H      The  articles  are  first  yellow-gilded  by  the  formula  of 
~  the  immersion  bath  of  pyroph^-isphate,  or  by  that  of  the 
hot   electro-bath*     Then,  without   drying,  but   keeping 
them  in  fresh  water,  they  are  made  into  small  lots  or 
packages  weighing  about  1  or  2  ounces  each,  wliich  are 

■  lightly  passed  through  the  quicking  bath,  and  tlien  red 
^gilded,  hot,  cither  in  an  old  and  nearly  spent  electro-bath 

in  which  a  great  deal  of  copper  has  already  been  gilded, 
or  m  a  new  bath  composed  of  ten  parts  of  hot  electro- 

■  gilding  bath  (iirst  formula,  Chapter  XXL  p.  200),  and 
three  to  four  parts  of  the  electro-coppering  solution  (first 

I  formula,  Chapter  X.  p.  118). 
According  as  the  electric  current  is  more  or  less  intense, 
80  will  the  gilding  be  more  or  less  red»  For  imparting 
to  it  the  pale  tint  of  man^  articles  gilded  by  the  use  of 
fimalgam  (see  Chapter  XVIL),  the  red  gilding  is  passed 
through  a  Imiling  and  nearly  spent  bath  of  pyrophos- 
phate, to  which  has  been  added  one-tenth,  or  a  twentieth, 
or  a  thirtieth  of  its  volume  of  a  silver  bath,  or  simply  a 
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few  drops  of  a  concentrated  solution  of  nitrate  of  silver. 
A  few  gilders  simply  pass  their  red  gilding  througrli  a 
cold  bath  for  silvering  hy  dipping,  lit  whatever  manner 
we  operate,  a  bhish  of  silver  is  ileposited  upon,  and 
whitens,  more  or  h'ss,  the  red  giklin;^^ 

This  gik!ing  shoukl  be  serateh-bni'-Iicd,  or,  preferably, 
burnished,  and  it  then  imitates  gilding  by  mercury  or 
jeweller's  alloy.  It  may  be  chased,  but  then  the  lustre 
soon  disappears,  on  account  of  the  large  proportion  of 
copper  it  contains. 

In  rase  of  failure  to  ol>tain  the  proper  pink  gilding, 
which  oiten  happens,  it  is  sufficient  to  plunge  the  articles 
for  a  fvw  seconds  into  a  mixtiu'e  composed  of  five  parts 
of  sulphuric  acid  to  one  of  nitric  acid.  The  copper  and 
silver  are  dissolved,  and  the  yellow  gikling  reappears, . 
upon  which  the  operation  may  be  begun  anew. 


ADDITIONAL  FORMULjE. 

Gtinther   recommends   (Winckler,   Handh.  (L  Metall^ 

iiberziigen^  175)  the  following  baths  for  electro-gilding, 
viz : — 

For  yellow*  gokk  he  prepares  a  neutral  chloride  of 
gold,  in  the  usual  manner,  and  prejmres  a  bath  having 
the  following  proportions  : — 

ClilorlUe  of  gold 25  imrts. 

Ferrocyanide  of  iiotassiutti  (fused)           ,     CO  to  80     *' 
Water aOOO     ** 

This  is  lx>iled  about  a  quarter  of  an  hour,  and  then 
diluted  to  double  its  vohune  with  water,  boiled  again, 
allowed  to  cool,  and  filtered. 

For  red  gold,  he  proposes  the  addition  of  some  metal- 
lic copper  to  the  acid  mixture  used  in  dissolving  the  gold ; 
tlie  l)ath  is  then  prepared  as  above ;  or  he  adds  to  the 
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gilding  bath,  prepared  as  above,  a  sufficient  quantity  of  a 
solution  composed  of — 

Cyanide  of  copper 4  parts. 

Cyanide  of  potassium 9     " 

Water 400     " 

For  green  gold,  he  adds  a  small  quantity  of  silver  to 
the  acid  mixture  while  the  gold  is  dissolving ;  or  uses,  as 
an  addition  to  the  bath  prepared  as  above,  a  suitable 
quantity  of  a  solution  composed  of — 

Cyanide  of  silver          .....         4  parts. 
Ferrocyanide  of  potassium    .         .         .         .       40     " 
Water 600     " 

Briant  prepares  a  gilding  solution  by  treating  a  warm 
solution  of  chloride  of  gold  with  an  excess  of  magnesia, 
by  which  the  gold  is  precipitated  as  oxide.  The  precipi- 
tate is  filtered,  washed,  and  digested  with  water  contain- 
ing about  8  per  cent,  of  nitric  acid,  which  dissolves  out 
the  magnesia,  leaving  the  gold  oxide,  which  should  be 
repeatedly  washed  until  it  shows  no  acid  reaction  when 
tested  with  test  paper.  He  dissolves  the  oxide,  resulting 
from  the  treatment  of  3|  parts  of  gold  in  the  manner  just 
described,  in  a  solution  composed  of — 

Water 400  part«. 

Ferrocyanide  of  |>otassium    .         .         .         .       40     " 
Caustic  potassa 10     " 

This  solution  is  boiled  for  20  minutes,  and  the  small 
amount  of  precipitated  iron  is  removed  by  filtration.  The 
resiJting  golden-yellow  liquid  forms  the  gilding  bath,  and 
may  be  used  either  hot  or  cold. 

Eisner's  solution  (Winckler,  Handb.  d.  MetalluberzU' 
gen)  is  prepared  in  substantially  the  same  manner. 

Braun  (Winckler,  Hatidb.  d.  MetaUuberzugen,  172)  pre- 
pares a  hot  electro-gilding  bath  with  fulminate  of  gold 
resembling  the   first   formula   for  *'cold  electro-gilding 
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baths"  (Chapter  XX,  page  191),  but  more  dikite.     He 
prefers  to  use  it  at  a  temperature  of  from  100°  to  141P 
Fnhr.,  and  witli  a  nioderately  stronfj^  current.     His  direc- 
tions for  preparing  tlie  bath  are  substantially  as  follows: 
He  prepares  a  neutral  chloride  of  gold  in  the  usual  man- 
ner, and  adds  to  the  solution  common  salt,  in  the  propor-  ■ 
tion  of  3  parts  of  salt  to  each  10  parts  of  gold ;   then 
evaporates  to  dryness,  and  eautionsly  fuses  the  resulting 
double  chloride  to  drive  off  the  excess  of  acid.     The 
fused  salt  on  cooling  is  dissolved   in  distilled  water,  and 
treated  with  ammonia  in  excess,  whereby  gold  fulminate  isfl 
precipitated.     This  is  filtered  and  washed  with  water  until 
the   last   portions  of  the  wash   water  are  tasteless.     The 
still  moist  fulminate  of  ":old  is  then  dissolved  in  cvanide 
of  potassium,  and  the  solution  dUuted  with  water,  so  thatfl 
the  licpiid  shall  contain  m  1{)(HJ  parts  15   parts  of  gold. 
The  liquid  is  now  boiled  until  all   the  ammonia  has  been 
driven  off  (that  is,  until  it  no  longer  smells  of  ammonia), 
and  is  then  further  diluted  with  water,  so  that  2000  parts 
of  solution  shall  contain  15  parts  of  gold.     Braiui  uses 
tliis  bath  chiefly  for  electro-gikling  articles  of  German'*  S 
silver  ;  it  is  affirmed  to  produce  a  fine  dead  gilding.  ™ 

Gore  notices  {EJeciro-metnUurgf/^  138)  that  a  very  rich 
dead  gilding  may  be  obtained  in  a  cyanide  solution  by 
adding  a  little  wet  aurate  of  ammonia  {L  e.,  fulminate  ofi 
gold)  to  the  liquid,  just  before  gilding;  and  a  clear,  bright 
yelknv  gilding  by  adding  to  an  ordinary  cyanide  gilding 
solution  a  small  quantity  of  caustic  soda;  and  that  copper 
and  brass  trinkets  tliat  require  to  have  a  '*  dead"  gilded 
appearance,  may  he  dipped  for  this  pur|>ose  before  gild- 
ing in  a  mixture  of  ecpial  parts  of  sulphuric  and  nitric 
acids,  to  which  a  little  common  salt  has  been  added. 

For  a  half-dead  and  dead  gilding,  Messrs,  Christofle  & 
Co.,  of  Paris,  employ  a  cyanide  solution,  in  combination 
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^^}j  the  Elkington  bath.     The  solution  is  worked  at  a 

*^-^peratiire  of  from  65*^  to  85°  Fahr.  with  a  gold  anode. 

^or  half-dead  efffect  (Wincklei%  HandK  d,  MetaUiiUrzib' 

Hen,  174).  they  convert  31  parts  of  gold  into  chloride,  add 

tlmreto  1960  parts  cyanide  of  potassium  sohition  (of  25^ 

B.),  and  840  parts  of  caujsttic  potassa  solution  of  same 

[density;   the  mixture  is  then  boiled  until   the  sohition 

marks  35^  B. 

This  solution  is  mixed  with  the  Elkington  batli,  com- 
posed of  150  parts  gold  chloride,  9000  parts  bicarbonate 
of  potassium,  and  30,000  parts  of  water,  boiled    for  two 
oiirs.     The  articles  to  be  gilded  are  not  previously  cop* 
red. 

For  dead  gilding,  they  dissolve  31   parts  of  moisf  ful* 

minatc  of  gold  in  1000  parts  of  distilled  water,  conttiin* 

ing  250  parts  of  cyanide  of  potassium,  and  add   thereto 

4500  parts  of  a  ferrocyanide  of  potassium  solution  of  30^ 

B.  strength.     The  rc^snlting  solution  is  boiled   for  about 

half  an  hour^  and  is  then  ready.    It  may  be  worked  either 

Id  or  warm,  and  the  articles  are  not  previously  coppered. 

Becquerel  recommends  (Gore,  Electro'MetaUvrgjf.  133) 

solution  made  of  I  part  of  gold  cliloride.  and  1 0  of  ferro- 

yanide  of  potassium  in  100  parts  of  water,  tu  wbich,  after 

Itering,  to  remove  separated  iron,  100  [mrtsof  a  saturated 

olution  of  ferrocyanide  of  potassium  is  added,  after  whicli 

n  equal  or  double  volume  of  water  is  also  added.     The 

rolor  of  the  gilding  uill  depend  on  the  couceutratinn  of 

the  bath;  the  best  effect  is  had  with  the  most  dibite  baths, 

nd  with  those  most  fi*ee  from  iron.     Washing  the  articles 

in  diluted  sulphuric  acid,  and  rubbing  gently  with  a  piece 

of  linen  cloth  brightens  the  gilding. 

I^evol  {fd.  133)  (Hssolves  neutral  gold  chloride  in  water, 
and  addsenoiigh  of  an  aqueous  solutie^n  of  snlpho-cyanide 
ol  potassium  to  redissolve  the  precipitate  at  first  formed. 
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A  slight  acidity  must  be  maintained  by  occasional  addi 
tions  of  a  few  drops  of  hydrochloric  acid  when  requir 

Fizeaii  (fd,  133)  dissolves  1   part  dry  chloride  of  ^Id 
in  Ifli)  parts  of  distilled  water,  and  adds,  little   by  littleJ 
carbonate  of  potassium  solution  until  the  solution  begins  tc 
become  cloudy,  wlien  it  is  ready  for  use.     Another  of  1 
formulop  is  a  solution  of  1  part  of  gold  chloride  and  4 
hyposulphite  uf  sodium  in  lt)(l()  parts  of  distilled  water. 

Spi'ucer  has  proposed  the  use  of  the  bromide  and  iodidel 
of  gold  for  electro-gilding  buths»     His  process  is  substaQ« 
fially  as  follows; — 

He  prepares  a  saturated  sijlution  o!'hnmiide  of*  gold  byl 
adding  gold  leaf  to  bromine,  until  it  will  dissolve  no  mon^j 
Tbis  solution  may  used  as  it  is,  but  to  obtain  a  thicl! 
deposit,  he  recommends  the  addition  of  two  parts  of  a 
mated  solution  of  acetate  of  ammonium  to  one  part  of 
the  bromide  sohition.     AVhere  this  solution  is  to  be  uset 
to  gild  alloys  that  will  receive  a  gold  deposit  by  simple 
immersion  in  it,  he  ad\ises  the  atUlition  to  the  bath  of  an 
excess  of  carbonate  and  bicarbonate  of  sodium. 

In  an  analogous  way  Spencer  prepares  and  employs 
solution  containing  iodide  of  gold. 

Jacobi's  formula  is — 

Ferrocyanidp  of  potuBdiuin      .         .         .         ,12  pitrta. 
Caustic  ()otiisstt       •         .         .         .         *         id** 

Gold 1  pan. 

WjittT    .         . 120  p4irU. 

The  gold  is  converted  into  chloride,  dissolved  in  the. 
aqueous  solution  containing  the  other  ingredients,  and  the 
resulting  liquid  forms  the  gilding  bath. 

Hansen's  patented  process  for  electro^gilding,  platingJ 
or  coppering  upon  glass  or  porcelain,  which  present-ssouie' 
difTerences  to  those  dc^scribed  in  (liapter  XV.^consists  (Els* 
ner,  Chem^-Techn,  MiltheiL^  1876-1877)  in  preparing 
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solutions:  one  of  sulphur  in  oil  of  lavender,  which  is 
concentrated  luitil  it  has  a  thick  sympy  consistence;  and 
another,  of  chloride  of  gold  or  platiniini,  in  sidphuric 
ether.  He  mixes  the^e  two  scjlutions,  and  hytjfentle  heat- 
ing, evaporates,  until  the  resulting  mass  has  become  pasty. 
This  mixture  is  suitably  laid  on  the  glass  or  porcelain  sur- 
face with  a  brush,  to  form  the  intended  decoration,  and 
the  article  is  heated  in  a  muffle,  for  the  purpose  of  driving 
off  the  sulphur  and  other  vohitile  and  decomposable  sub- 
stances— the  gold  or  platinum  being  left  behind  in  the 
metallic  state,  firmly  adherent  to  the  surface  of  the  object. 
Thus  prepared,  the  metallized  surftice  of  the  article  may 
be  plated  with  a  coating  of  gold,  silver,  or  copper  of  any 
desired  thickness  by  galvanic  means.  For  tliis  purpose 
Hansen  gives  the  composition  of  electro*baths  ol  tliese 
resi>ective  metals  nhich  lie  prefers  to  use.  It  will  be 
uonecessary  to  reproduce  them,  as  any  of  the  formidte 
named  in  this  work  will  serve  the  purpose. 


CHAPTER  XXII. 

GILDING  WATCH  MOVEMENTS,  AND  OTHER  SMALL  ARTICLES  FOR 

WATCHMAKERS. 


In  the  gilding  of  watch  movements,  and  other  small 
articles  for  watchmakers,  gold  is  seldom  directly  apphed 
upon  the  copper^  In  the  majority  of  cases,  there  is  a 
preliminary  operation,  called  graining^  by  which  a  very 
ag^^eable  grained,  and  slightly  dead  appearance,  is  given 
to  the  articles. .  II  one  carefully  examines  the  interior  of 
a  watch,  the  peculiar  stippled  matt  lustre  of  the  parts  will 
be  at  onc5C  noticed. 
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This  peculiar  I  bright-matt  lustml  as  Roseleur  temvs  il, 
is  tutiilly  different  from  what  we  have  already  mentionedJ 
For  instance,  it  does  not  resemble  the  dead  lustre  ob- 
tained by  slow  and  thick  electro-deposits  of  gold,  silver, 
or  copper,  which  is  coarser  and  duller  than  that  of  watch 
movements.  Neither  does  it  resemble  the  dead  lustre 
obtained  with  acids,  which  is  the  result  of  a  multitude  of 
small  holes  fonned  by  the  action  of  these  agents;  whero 
as  the  grained  dead  lustre  is  fbrined  by  the  juxtaposition, 
upon  a  previously  smooth  surlacc,  of  an  infinite  nunib^t  j 
of  granules  of  greater  or  less  size,  and  always  in  reKef.  I 

The  graining  may  be  produced  by  different  methods, 
and  upon  gold,  platinum,  and  silver;  and  since  the  latter 
metal  is  that  preferred,  we  shall  describe  the  process  at^ 
applied  to  it. 

This  species  of  gilding  requires  the  following  succe^ 
sive  operations : — 

1.  Preparafion  of  the  Pieces, — Coming  from  the  hands 
of  the  watrhniaker,  they  still  retain  the  marks  of  the  tile, 
which  are  obliterated  by  a  rubbing  upon  a  wet  stone,  and 
lastly  upon  an  oilstone. 

2.  The  oil  or  grease  is  next  removed  by  boiling  the 
pieces,  for  a  few  muuites,  in  an  alkaline  solution,  made  of 
one  hundred  jjarts  of  water  and  ten  of  caustic  soda  or 
potassa,  and  rinsing  them  in  clean  water,  which  should 
wet  them  entirely  if  all  the  oil  has  been  removed,  h 
going  through  this  operation,  the  articles  are  threaded 
upon  a  brass  wire. 

3.  A  few  gilders  then  cleanse  them  rapidly  in  the  acid 
mixture  for  a  bright  lustre ;  others  simply  dry  them  care- 


m  w 


hit 


e  sawc 


dust. 


fully 

4.  HoMuttj  the  Pieces, — The  pieces  thus  prepared  are  , 
fastened,  bj  means  of  brass  pins  with  flat  heads,  upouj 
the  smooth  side  of  a  block  of  cork  (Fig,  98).     A  few  I 
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Fig,  98, 


operators  have  lately  substituted  gutta-perrha  for  cork, 
but  this  method  does  not  appear  to  have  given  good  re* 
suits,  since,  so  far  as  I  know,  it  has  not  become  popular. 

w      5.  The  parts  tluis  held  upon  tlie  rork  are  thoroughly 

*Tubbed  over  with  n  brush,  entirely  free  from  fatty  matters, 

and  nharged  with   a   paste  of  water   and  of  the  finest 

pumice-stone  powder.     The  brush  is  made  to  move  in 

circles,  in   order  not  to  abrade   one  side  more  than  the 

_  other.     The  whole   is  then   thorouglily   rinsed   in  clean 

P  water,  and  no  particles  of  pumice  dust  should  remain 

upon  the  pieces,  or  the  cork, 
K      6,  Afterwards  the  pieces  are   plunged,  cork  and  all, 
■into  a  weak  quicking  solution,  which  very  slightly  whitens 
the  copiK?r,  and  is  composed  ol^ — 


Water 

Nitrate  of  mercury 

Sulphuric  acid 


10,000  parts. 
2     '* 
4     " 


The  pieces  are  simply  passed  through  the  solution,  and 

then   rinsed.     This  operation,  wliich   too   many    gilders 

neglect,  gives  strength  to  the  graining  whiclL,  without  it, 

jpossesses  no  adherence,  especially  when   thf  movements 

litre  made  of  German- silver,  dignified  by  the  name  of 


294  GALVANOPLASTIC   MANIPULATIONS. 

nickel  by  watchmakers,  or  when  the  false  caeeB  contain 
tin  in  their  composition. 

7.  Graining, — In  this  state,  the  parts  are  rc^ady  for 
the  grnining,  that  is  to  say,  a  light  silvering  obtai^"'<i  ^-^ 
a  peculiar  procedure. 

There  are  a  gieat  number  of  forraulje  for  preparing  the 
gniining  powders ;  and  it  may  Ix*  said  that  each  gililer 
has  his  own  formula,  according  to  the  fineness  of  the 
grain  he  desires  to  obtain. 

Herewith  are  given  several  fonnulie  which  may  be 
relied  upon  to  give  good  results : — 

Silver,  in  impal(»able  powikr*       .         .         •         3  pans, 
Bitartrrtt*!0f  putHssium  (crenm  of  tartar),  linely 

pulverizeil  and  ]ui5i8t-'d  through  u  sUk  nieve  30     •* 

Chloride  of  sodium  (common  salt),  pulverized 

and  sitk^d  as  above    •         .         .         •         ,100 


i 


*  The  silver  powder  is  obtained  by  immersing  cleans^ed  coppf 
plates  in  a  very  diiiited  Rolution  of  nitrate  of  silver  made  wiili  dis- 
tilled waUT.  The  more  dilutr  the  solution  is,  the  finer  will  beiheamie 
of  divi.sion  of  the  silver,  wliirb  will  be  depo*iiled  upon  the  eop{»era*« 
species  of  moss,  and  the  more  easily  may  it  be  detuebed*  The  ojienilitfn 
is  generally  conducted  as?  follows  :  In  a  suitable  vessel  of  glii^^or  pwr- 
cebiin,  2  parts  of  crystallized  nitrate  nf  silver  are  dissolved  in  lOtK* 
of  distilled  water,  and  live  or  six  bands  of  cleansed  copper  about  {^ 
an  inch  wide  are  plunged  into  it*  These  bands  stiould  be  long  enoaglj 
to  allow  of  a  portion  being  above  the  litpiid. 

The  wliole  is  kept  for  twetity-fonr  hours  in  a  dark  plnce,  und  tlie 
liquid  h  now  and  then  stirred  with  the  copper  bands.  This  motion  i- 
sufficient  to  loosen  the  de](f^^^ired  silver,  and  present  fresh  cc^ppersor- 
faces  to  the  action  of  the  licpjid. 

When  no  more  silver  liecomes  attached  to  the  copjier^  the  opemtian 
is  at  an  end,  and  there  remains  n  blue  soUition  of  nitrate  of  eopjMff. 

The  s^ilver  powder  is  washed  either  by  decantation,  or  njvon  a  fillet, 
until  no  trace  of  the  copper  solution  remains.     Lastly,  another  wash* 
ing  is  had  with  distilled  water,  and  the  silver  jiowder  \s  dried,     Gr«l  ' 
cure  is  retjuired  in   this  optM-ation  to  avoid  contact  with  hard  bodies 
which  may  render  the  powder  compact,  and  produce  a  sort  ofculietiM  I 
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Second  formula. 

Silver  powder    .         .         .         .  .         .         3  parts. 

Cream  of  tartar  .         .         .  .  12  to  15     " 

Common  salt  (white  and  clean)  .  .         .       40     '* 

Third  formula. 

Silver  powder 3  parts. 

Cream  of  tartar 10     " 

Common  salt  (white  and  clean)  .         .         .  100     << 

All  of  these  substances  should  be  as  pure  as  possible, 
and  perfectly  dry.  Cream  of  tartar  is  generally  dry ;  but 
common  salt  often  needs,  before  or  after  it  has  been  pul- 
verized, a  thorough  desiccation,  by  gentle  heating  in  a 
porcelain  or  silver  dish,  and  stirring  with  a  glass  rod,  or 
a  silver  spoon. 

The  mixture  of  the  three  substances  must  be  thorough, 
and  should  be  effected  at  a  moderate  heat,  long  pro- 
tracted. 

The  graining  is  the  coarser,  according  as  there  is  more 
common  salt  in  the  mixture ;  and  conversely,  it  is  the 
finer  and  more  condensed  as  the  proportion  of  cream  of 
tartar  is  greater,  but  it  is  then  more  difficult  to  scratch- 
brush. 

b.  The  Graining  proper. — This  operation  is  effected  as 
foUows :  A  thin  paste  of  one  of  the  above  mixtures,  with 

of  the  molecules  which  injures   it  for  the  subsequent  operation  of 
graining. 

At  the  present  time,  the  majority  of  operators,  instead  of  prepar- 
ing their  graining  silver,  prefer  buying  tlie  Nuremberg  powder,  which 
is  produced  by  grinding  a  mixture  of  honey  and  silver  foil  with  a  mul- 
ler,  upon  a  ground  glass  plate  until  the  proper  comminution  is  obtained. 
The  silver  is  separated  by  dissolving  tlie  honey  in  boiling  water,  and 
washing  the  deposited  metal  on  a  filter,  until  there  is  no  remaining 
trace  of  honey.     The  silver  is  then  carefully  dried  at  a  gentle  heat. 

This  silver,  like  bronze  powders,  is  sold  in  small  packages  weighing 
about  an  ounce. 
15 
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water,  is  spread  by  means  of  a  spatula  upon  the  articles 
attached  to  the  cork.  The  cork  itself  is  placed  upon 
a  platter,  holding  it  with  the  left  hand.  An  oval  brush 
(Fig.  99),  with  close  bristles  is  hekl  in  the  right  hand, 
with  which  the  pieces  are  brushed 
^^'    '  *  in  every  direction,  turning  both  the 

brush  and  the  sheet  of  cork  all  the 
wliile,  A  fresh  quantity  of  the  paste 
is  added  two  or  three  times,  and 
used  in  the  manner  indicated.  The  more  the  brush 
and  the  cork  are  rotated,  the  rounder  becomes  the  grain, 
which  is  a  good  quality ;  and  the  more  paste  added,  the 
larger  the  grain. 

^\'utehniakers  generally  require  a  fine  grain,  circular 
at  its  base,  pointed  at  its  apex,  and  close,  that  is  to  say,  a 
multitude  of  juxtaposed,  diminutive  cones.  Sometimes^ 
liowtner,  a  hirger  grain  may  make  a  better  apY*eamnce  ; 
but  this  will  depend  on  the  nature  and  the  size  of  the 
articles. 

9.  When  the  desired  grain  is  obtained,  the  pieces  are 
washed  and  then  scratch-brushed,  with  brushes  of  very 
fine  brass  wire,  (Fig,  100,)  As  these  wires  are 
very  stiff  and  springy,  they  will,  when  cut, 
bind  and  turn  in  every  direction,  and  no  work 
can  bt^  done  with  them.  It  is  therefore  abso- 
lutely necessary  to  anneal  tliem  more  or  less 
upon  an  even  tire.  An  intelligent  worker  will 
always  have  three  scrateh-brnshes,  annealed 
to  different  degrees:  one  whirh  is  half  softy  or 
half  annealed,  for  the  first  operation  of  uncover- 
ing the  grain  :  one  harder-,  or  little  annealed, 
for  bringing  np  the  lustre  ;  antl  one  very  sofi^ 
or  fully  annealed,  used  before  gilding  for  remov- 
ing the  scratclies  which  may  liave  been  made 


I 
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by  the  preceding  tool,  and  for  scratch-brushing  after 
gilding.  Of  course,  the  scratch-brushing  operation,  like 
the  graining  proper,  should  be  done  by  giving  a  rotary 
motion  between  the  fingers  both  to  the  tool  and  the 
cork.  After  a  good  scratch-brushing,  the  grain,  seen 
through  a  magnifier,  should  be  regular,  homogeneous, 
and  with  a  uniform  lustre  all  over.  Decoctions  of  liquor- 
ice, soapwort,  or  Panama  wood,  are  employed  in  this 
operation. 

It  frequently  happens  that  the  same  piece  is  composed 
of  both  copper  and  steel,  and  this  latter  metal  requires 
to  be  preserved  against  the  action  of  the  cleansing  acids 
and  of  the  graining  mixture,  by  applying  a  stopping-off 
varnish. 

The  operation  consists  in  covering  the  pinions  and 
other  parts  of  steel  with  a  fatty  composition,  which  is 
sufficiently  hard  to  resist  the  tearing  action  of  the.  bristle 
and  wire  brushes,  and  sufficiently  insoluble  in  the  alkalies 
of  the  gilding  bath  to  remain  unafi^ected. 

The  formula  of  this  composition  is  as  follows : — 

Yellow  wax 6  parts. 

Translucent  resin 10     " 

Red  sealing-wax  (extra  fine)  .         .         .         4     *^ 

Impalpable  peroxide  of  iron  (Englisli  polishing 

rouge) 3     " 

The  resin  and  sealing-wax  are  melted  together  in  a 
porcelain  dish  upon  a  water-bath,  whereupon  the  yeUow 
i\ax  is  added.  When  the  whole  is  thoroughly  fluid,  the 
rouge  is  gradually  added,  and  stirred  into  the  mass  with  a 
wooden  or  glass  rod.  The  heat  is  then  removed,  but  the 
stirring  should  be  continued  until  the  mixture  becomes 
solid,  otherwise  all  the  oxide  of  iron  will  fall  to  the  bot- 
tom of  the  dish. 

Flat  parts  which  are  to  receive  this  varnish  are  slightly 
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heated,  and  then  covered  with  the  ahove  mixture,*  which 
melts  and  is  easily  spread.     For  covering  steel  pinions, 
which  generally  form   cylindrieiil  projections   upon  the 
face  of  the  wheels,  a  s[ieries  of  stylus  of  brass  or  copper 
is  employed,  having  a  w^ooden  handle.  (Fig,  101.)     The 
nietaUie  extremity  of  this  tool  is  heated  over  an 
Fig.  101.    alcohol  lamp,  and  a  small  quantity  of  varnish  is 
taken  np  with  it.    Tlie  composition  soon  melts, 
and,  by  turning  tlie  tool  around  the  steel  pinion, 
this  becomes  coated.     Before  fastening  the  pin- 
ion upon  the  cork,  a  small  cavity  is  dug  in  the 
latter,  in  which  the  pinion  rests.     The  remain- 
der of  the  operation  is  conducted  as  with  the 
other  parts  of  the  watch  movements.     Never- 
theless, it  is  pnident  to  use  a  scratch-brush  with 
I         long  wires,  as  their  flexibility  prevents  the  re- 
moval of  the  composition.     When,  after  gild- 
ing, the  varnish  is  to  he  removed,  the  parts  are  plunged 
into  warm  oil,  or  into  tepid  benzine  or  turpentine,  then 
into  a  very  hot  soap  water,  or  alkaline  solution,  and  lastly 
rinsed  in  fresh  water.     Scratch-brushing,  and  drying  in 
warm  sawdust  of  white  wood,  terminate  the  operation. 

The  pinions  are  cleaned  out  and  polished  by  passing 
between  them  small  pieces  of  very  soft  w^bite  w^ood,  the 
friction  of  which  is  suflicient  to  restore  to  the  steel  its 
primitive  lustre. 

The  gilding  of  those  parts  composed  of  copper  and 
steel  requires  the  greatest  care^  since  the  slightest  rust 
will  destroy  their  future  nsefirlness.  Should  some  gold 
have  become  deposited  upon  the  steel,  it  should  be 
removed  by  nibbing  with  a  stick  of  wood  and  impalpable 
pumice  dust,  putty  ]>owder,  or  rouge, 

10.  Gihling. — A  iter  the  series  of  preparations  above 
described,  we  come  at  hist  to  the  gilding,  w^hich  may  be 
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effected  by  one  of  the  processes  already  indicated.  Hot 
baths,  of  course,  should  not  be  employed  for  those  pieces 
covered  with  the  varnish.  The  following  is  a  minute 
description  of  this  process  as  employed  at  Besangon,  and 
whiclu  according  to  Roseleur,  gives  good  results. 

Four  parts  of  finely  laminated  and  pure  gold,  first 
heated  to  redness  in  order  to  destroy  any  organic  matter 
that  may  be  present,  are  dissolved  in  a  ghiss  flask  in  a 
mixture  of  six  parts  of  pure  nitric  acid,  and  twelve  of 
pure  hydroclilorie  acid.  When  the  gohl  is  dissolved,  and 
the  excess  of  acids  has  been  evaporated,  leaving  in  the 
flask  a  dark-red,  nearly  syrupy  liquid,  the  whole  is  re- 
moved from  the  fire  and  allowed  to  cooL  The  rldoride 
of  gold  is  then  dissolved  in  fifty  or  sixty  parts  of  distilled 
water,  and  poured  into  a  large  glass  vessel.  It  is  tlieu 
diluted  with  about  five  hundred  parts  of  distilled  water, 
and  an  excess  of  pure  ammonia  is  added,  which  precipi- 
tates the  gold  in  the  state  of  a  yellowish  powder  of  ful- 
minate of  gold,  v)hiah  is  hufMy  explosive  when  drij.  A 
sufficient  quantity  of  ammonia  has  been  added,  when  a 
new^  quantity  of  this  reagent,  bcmg  added  to  the  superna- 
tent  liquid,  does  not  produce  any  turbidity,  or  precipitate. 
The  clear  liquid  is  tlecanted  and  saved.  Tlie  precipitate 
is  then  collected  upon  a  small  filter,  previously  wetted 
with  distilled  water,  and  there  waslied  writh  distilled 
water  until  all  ammoniacal  odor  has  disappeared.  The 
filter,  with  its  contents,  is  tlien  transferred  to  a  glass  or 
porcelain  vessel  containing  a  solution  of  twelve  parts  of 
cyanide  of  potassium  in  one  thousand  of  water,  which 
rapidly  dissolves  the  gold  and  leaves  the  filter.  The  solu- 
tion is  filtered  anew,  boiled  for  fifteen  to  twenty  minutes, 


filtered  again,  and  left  to  eoul. 


bath  obtiiintHl  is  ex- 


jllent  for  gilding  the  most  delicate  watch  works,  under 


230 


GALVANOPLASTIC   MAN'IPtTLATIONS, 


the  influence  of  an  electric  current  regulated  to  suit  the 
surfaces  to  be  gildecU 

This  bath,  or  these  baths,  since  eveiy  gilder  possesses 

several  of  them  of  various  stages  of  Ireshness,  are  gene- 
rally kept  in  flat  bottomed  glass  or  porcelain  vessels,  hold- 
ing about  a  gallon,  and  having  a  depth  of  four  or  five 
inclies.  The  articles  to  be  gilded  are  suspended  in  the 
bath  from  nietallir  holders,  connected  with  the  negative 
electrode,  and  of  a  sha|3e  appropriate  to  the  nature  and 
Ibrm  of  the  articles.  One^  or  several,  platinum  wires  are 
used  for  anodes,  and  are  disposed  in  the  centre  or  about 
the  circumference  uf  the  bath. 

The  current  used  should  be  constant  but  of  very  mod- 
erate intensity. 

The  slower  the  rate  of  deposition,  the  finer  and  more 
adherent  the  gilding  w^jll  be.  When  the  operator  judges 
that  tlie  coating  is  sufficient,  the  articles  are  removed 
from  the  bath,  washed  in  clean  water,  and  fixed  again 
upon  the  cork  block,  in  order  to  proceed  to  the  last 
scratch-l>rusliiug  with  a  decoction  of  liquorice,  the  bark 
of  Panama  wood,  horse-chestnut^  or  soapwort. 


I 
I 
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GILDIXG  FINE  WIRE. 

Fine  wire  of  gold,  or  silver,  or  of  gilded  or  silvered 
copper,  is  much  used  in  tlie  manuflicture  of  metallic 
fringes  and  lace  for  epaidets,  and  other  purposes. 

Formerly,  as  Koseleur  explains,  the  copper  or  silver 
wire  was  gilded  with  amalgam,  tbat  is  to  say,  with  the 
aid  of  fire  and  mercury.     A  cylindrical  rod  of  copper 
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silver,  of  variable  dimensions,  was  well  cleansed,  and  then 
covered  with  the  aid  of  mercury,  either  with  gold-foil, 
or  with  gold  amalgam.  The  whole  was  heated  over  a 
clear  charcoal  fire,  in  order  to  volatilize  the  mercury;  and 
then  passed  through  draw  plates  of  steel,  for  the  large 
numbers,  and  of  ruby,  corundum,  or  diamond  for  the 
smaller  numbers.  This  process  was  open  to  the  disad- 
vantage of  leaving  parts  of  the  wire  uncovered  with  gold, 
because  of  the  irregularity  of  the  coating  of  the  latter 
metal. 

At  the  present  time,  nearly  all  the  gilded  wire  manu- 
factured is  electro-gilded. 

We  explain  in  the  following,  after  Roseleur's  sugges- 
tions, the  arrangement  of  a  bath  for  gilding  fine  wire, 
relying  for  being  understood  upon  a  careful  examination 
of  the  perspective  and  sectional  views  (Figs.  102  and  104). 

Upon  a  brick  furnace  A  (Figs.  102  and  104),  which 
may  be  heated  either  with  solid  fuel  or  gas,  is  placed  a 
cast-iron  enamelled  kettle  b,  for  holding  the  gilding  bath. 
This  kettle  should  be  about  3  feet  long,  1^  feet  wide,  and 
from  6  to  7  inches  deep.  As  the  fire  may  be  lighted  or 
not,  it  is  not  necessary  to  change  the  kettle,  whether  the 
bath  be  used  cold  or  hot.  If  we  employ  gas  as  fuel,  the 
burner  is  made  of  an  elliptic  ring  with  numerous  jets 
(twenty-five  or  thirty)  attached  to  it  (Fig.  103). 

At  one  extremity  of  the  apparatus,  near  the  battery, 
are  two  wooden  uprights,  c,  supporting  an  iron  rod,  upon 
which  are  strung  a  number  of  wooden  spools  carrying  the 
wire  to  be  gilded.  These  spools  may  turn  freely  upon  the 
rod,  and  the  unwound  wire,  before  plunging  into  the 
bath,  is  passed  over  a  copper  or  brass  tension  bar,  D, 
connected  with  the  negative  pole  of  the  battery,  thus 
establishing  the  required  metallic  connection  between  the 
wire  and  this  pole. 


The  "ire  penetrates  the  bath  to  about  two-thirds  of  itg' 
depth,  and  is  kept  stretched  by  a  system  of  snialli 
grooved  pulleys  k,  e  of  glass,  porcelain,  or  ivory,  rcvohvi 
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^g  freely  upon  glass  or  ivory  axes,  themselves  main- 
Lined  near  the  bottom  by  supports  secured  to  the  rim 
r  the  kettle. 


Ficr.  103. 


At  the  bottom  of  the  bath,  and  crossing  the  path  of 
nre  to  be  gilded,  are  two  or  more  platinum  wires, 
T,  G,  the  vertical  branches  of  which  communicate  with 
he  positive  pole.  These  platinum  anodes  must,  of 
course,  have  no  point  of  contact  with  the  wire  to  be 
l^ilded.  Thus,  therefore,  the  wire  to  be  gilded,  on  the 
me  hand,  and  the  platinum  wires  on  the  other,  represent 
n  the  bath  the  two  poles  of  the  battery. 

At  the  other  end  of  the  apparatus,  a  series  of  wooden 
pools,  M,  is  placed,  upon  which  the  wire,  after  having  been 
plded,  is  wound  up.  But  these  spools  are  fast  upon  a 
iquare  iron  axis,  and  which  communicates  by  gearing 
vith  a  hand-wheel  moved  slowly  enough  to  insure  a  good 
gilding  to  the  wire,  during  its  passage  through  the  bath. 

After  being  gilded  and  before  being  wound  upon  these 
spools,  the  wire  is  caused  to  pass  through  other  parts 
)f  the  apparatus,  in  which  it  is  rinsed  and  dried  in  a 
suitable  manner;  thus,  as  seen  in  Fig.  104,  it  reaches  two 
vooden  rollers,  h,  h,  revolving  freely  upon  their  axes,  and 
s  carried  over  grooved  rolliers  into  the  first  trough,  filled 
vith  a  weak  solution  of  cyanide  of  potassium,  which  cleans 
ind  brightens  the  gilding.  By  a  similar  disposition,  it 
msses  into  the  second  trough,  filled  with  fresh  water  fre- 
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qnpTitly  iTiiewcd,  whirli  removes  the  salts  it  has  car* 
rietl  with  it.  From  tliese  it  is  passed  between  the 
drying  rollers,  K,  w  hich  are  covered  with  several  layers 
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of  calico,  and  revolved  by  gearing  in  opposite  direc- 
tions. As  a  last  precaution,  before  being  finally  wound 
oil  the  spools^  the  wire  is  completely  dried  by  passing  it 
through  a  large  flat  tube,  L,  maintained  at  a  dull  red  heat 
in  the  furnace  i. 

In  a  bath  of  the  size  indicated  above,  twenty  coils 
may  be  gilded  at  the  same  time.  The  copper  wire  to  be 
gilded  is  g<?nerally  silvered  beforehand,  and  passed  once 
througli  a  draw-plate,  in  order  to  uvuid  tlie  cleansing 
process  before  gilding. 

The  more  intense  the  current,  or  the  slower  the  rate  of 
passage  of  the  wire  through  the  bath,  the  greater  will  Ix* 
thi!  quantity  of  gold  d<:posited ;  and  to  make  no  mistakes, 
^  it  will  be  well  to  weigh  the  bobbins  belbre  and  after  the 
H  operation.     For  this  piu'pose,  the  extreme  spools  for  pay- 
ing out  and  winding  sJiould  be  of  the  same  weight. 

Tliis  process  of  gilding  requires  constant  supervision, 
ei fl^er  for  uniting  tlie  broken  ends,  the  severed  parts  of 
^*'^irh  may  touch  the  anodes  and  stop  the  openition ;  or 
^P^  ^regulating  the  intensity  of  the  current,  which,  if  too 
Pov^^erful  or  too  weak,  will  produce,  carresj>ondnigly,  a 
rod 


or  green  gilding. 


_    -TTie  baths  of  double  cyanide  of  gold  tuid  potassium 
^^     employed  cohl  or  slightly  tepid  (Chapter  XX.). 

^^n  the  other  hand,  the  baths  witli  phosphate  and  bi- 
^^^-V^hite  of  sodium  are  used  for  hot  electio-gildiug,  and 
j^^^ir  concentration  should  be  double,  /.  e,,  the  proportion 
^    ^Vvater  should  be  oiu'-half  of  that  indicated  (Chapter 

H    -A.S  the  platinum  anodes  do  not  make  up  for  the  metal* 
^^^  loss  of  the  bath,  it  is  necessary  to  add  frequently  new 

k^^ions  of  metal  and  of  solvents,  in  the  manner  already 
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Pure  gold  wire  is  often  gilded,  in  order  to  impart  to  it 
a  more  iiniforrn,  and  a  deeper  shade. 

After  being  gilded,  the  wire  is  passed  through  the  draw- 
pliite  or  rolh^rs,  according  as  we  desire  to  have  it  round 
or  flat.  AVith  the  draw-plate  it  is  diminished  by  about 
one*fourth  or  one-half  of  a  number,  simply  to  remove  the 
dulness  of  the  deposit,  and  bring  up  the  lustre.  \Mien 
the  tT[lflt.(]  wire  is  flattened  between  rollers,  its  surface 
is  bright  or  dull,  according  to  the  condition  of  the  surface 
of  the  rollers. 

It  is  evident  that  silvering,  or  any  other  metallic  elec* 
tro-d(^pnsit.  may  be  efteeted  upon  fine  wire  in  a  similar 
mnnncr. 


CHAPTER  XXI Y 


H 


"  STOPFING-OFF      VARNISHES. 


When  we  desire  to  obtain  upon  the  same  object  gild 
ings  of  several  colors,  we  employ  "  stoppjng-off  "  varnishes. 
Thus,  after  having  gilded  an  artick*  of  a  uniform  ^olor 
(red,  or  green,  for  instance),  it  is  covered  with  a  fatty  var- 
nish (made  drying  I>y  the  addition  of  chromate  of  lead), 
at  those  places  which  we  desire  to  preserve  from,  or  to 
resist  the  action  of,  the  new  liath.  By  thus  "  stoppiug- 
ofF,'^  and  using  successive  baths,  we  are  enabled  to  obtain 
five  or  six  different  shades  upon  the  same  object. 

The  ^'stopping-oft'"  varnishes  are  applied  with  a  brush 
or  pencil,  and  should  be  thoroughly  dried  in  a  stove  bo- 
fore  the  object  is  introdueed  into  another  solution.  These 
varnishes  may  lie  colon^d  with  various  oxides,  or  colored 
salts,  ill  order  to  facilitate  their  use  upon  those  places 
which  should  be  sharply  delineated ;  chromate  of  lead 
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,and  artificial  ultramarine  blue,  are  well  suited  for  the  pur- 
pose. The  "  stopping'-ofF"  varnishes  are  also  employed  for 
protecting  the  reverse  parts  of  articles  which  are  intended 
to  receive  the  gilding  only  on  one  side.  When  the 
operation  is  finished,  the  varnish  is  easily  reirioved  by  a 
washing,  first  with  essence  of  turpentine,  and  then  with 
alcohol.  These  liquids  may  be  advantageously  replaced  by 
gasoline,  benzine,  or  benzole.  The  latter  substance  is  a 
product  of  the  distillation  of  coal-tar,  and  dissolves,  even 
in  the  cold,  nearly  all  fatty  and  resinous  bodies.  It  is 
sufficient,  when  we  have  used  benzole,  to  wash  the  article 
in  boiling  water,  and  then  to  dry  it  in  warm  sawdust, 
from  which  it  comes  out  perfectly  clean.  Such  is  not 
always  the  case  with  rectified  turpentine,  and  it  is  pru- 
dent, where  this  has  been  used,  to  plunge  the  object 
afterwards  into  a  hot  lye  of  caustic  potash,  then  to  rinse 
and  dry  it  in  warm  sawdust.  We  describe  these  var-' 
nishes  more  fully  in  another  chapter. 


CHAPTER  XXV. 

DEAD-GILDING FIRE-GILDING GILDING,  PARTLY  DEAD,  PAR- 
TLY BRIGHT  (DEMI-MATT). 

Dead'  Gilding. 

In  addition  to  the  several  processes  previously  indi- 
cated, dead-lustre  gilding  may  be  obtained  by  a  number 
of  different  methods. 

1.  By  the  slow  deposit  of  a  large  quantity  of  gold. 
This  gilding  is  very  durable,  but  is  dull  and  earthy  in 
appearance.     Moreover  it  is  too  costly  for  the  arts. 

2.  By  acids ;  that  is  to  say,  by  giving  a  dead  lustre  to 
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the  metnllic  s^urfacc,  before  gilding,  and  by  the  processes, 
indicjited  in  the  cleansing  operations.  This  method  is 
employed  only  for  small  articles,  or  when  gilding  by  im- 
mersion. Varnishers,  however,  use  it  for  bronze  articles, 
or  large  embossed  work. 

3.  With  frosted  silver,  i  e.,  by  depositing  upon  the  ob- 
ject to  be  giUled,  a  coating  of  frosted  silver  (by  processes 
soon  to  be  described),  and  then  u^iMing  in  a  good  hath. 
Unfbrtmuifely,  this  method  is  somewhat  expensive,  and 
the  burnished  parts  are  greenish.  Moreover  the  interme- 
diary coat  of  silver  is  easily  affected  by  sulphurous  gases, 
and  the  gilding  is  thus  blackened. 

4.  By  copper,  i.  e,,  by  depositing  in  a  solution  of  sul- 
phate of  copper,  decomposed  by  the  current,  a  galvanoplas- 
tic  coat  of  this  metal  whicli  possesses  a  pink,  dead  lustre. 
The  piece  is  then  rapidly  passed  through  the  acid  mixture 
for  bright  dipping,  then  through  quicking  solution,  and 
finally  gilded  in  a  good  bath.  AMicn  the  dead  lustre  ob- 
tained inthcgalvanoplastic  bath  is  perfect,  thesubseqiient 
use  of  the  acids  may  be  dispensed  with,  and  the  article 
is  simply  plunged  into  the  quicking  solution  before  gild- 
ing. This  last  mode  of  operation  is  generally  preferred 
by  gilders.  Tliis  gilding  is  very  handsome  in  lustre  and 
color.  The  burnished  parts  will  be  red,  if  vinegar  or 
soap-water  be  employed ;  and  of  a  fine  yellow  color,  if  the 
burnish  be  wetted  with  saliva,  a  decoction  of  flaxseed,  of 
soap  wort,  or  of  marsh  nuil  low  root.  We  shall  indicate 
furtlier  on  the  best  conditions  for  obtaining  a  fine  dead 
lustre  with  copper. 

If  the  deposit  of  gold  be  of  insufficient  thickness,  it  will 
blacken  sooner  or  later,  by  the  oxidization  of  the  interme- 
diary coat  of  co|>per. 

5.  Lastly,  dead  lustre  may  be  effected  with  the  aid  of 
mercury.    This  is  the  old  process  of  gilding  by  fire,  w  hich 
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We  shall  now  describe.      It  furnishes  the  most  durable 
products,  but  the  method  is  costly. 

Fire- Gilding. 

Although  we  have  chosen  this  chapter  on  dead-lustre 
gilding  for  describing  the  method  of  fire-gilding,  it  should 
not  be  forgotten  that  we  may  also  produce  a  bright  lustre 
by  the  same  means.  Before  the  introduction  of  the  gal- 
vanic processes  into  the  arts,  there  were  nearly  as  many 
sorts  of  gildings  as  at  the  present  time ;  but  their  cost  was 
greater,  the  operations  were  more  difficult,  and  the  work- 
man was  constantly  exposed  to  the  deleterious  vapors  of 
mercury.  We  must  also  acknowledge  that  the  products 
were,  and  still  are,  superior  in  respect  to  durability,  if 
not  in  appearance  to  those  obtained  by  electro-deposition. 

Fire^ilding  may  furnish  gilding  with  a  bright  or  a  dead 
lustre,  scratch-brushed,  ormolued,  and  also  with  different  i^ 

shades.  /We  indicate  in  the  following,  the  different  modes 
of  operation.' 

The  amalgam  of  gold  is  prepared  in  the  manner  de- 
scribed in  the  process  of  gilding  with  amalgam  (Chapter 
XVII.).  only  a  little  less  mercury  is  used,  in  order  to  ob- 
tain an  amalgam  about  as  hard  as  wax.  This  amalgam 
is  crystalline,  and  a  certain  crackling  sound  is  heard  when 
w^e  press  the  crystals  between  the  fingers.  A  stock  of 
amalgam  is  generally  prepared  in  advance,  and  it  is  di- 
vided into  small  pellets  of  nearly  equal  size,  the  value  of 
which  is  ascertained  from  their  number,  and  from  the 
total  weight  of  gold  employed.  Thus,  if  100  grains  of 
gold  has  been  used,  and  the  resulting  amalgam  has  been 
divided  into  ten  equal  pellets,  each  one  will  contain  10 
grains  of  the  precious  metal.  These  pellets  are  kept  in 
water,  but  they  should  not  remain  too  long  without  being 
used,  because  the  phenomenon  of  liquation  takes  place, 
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and  the  diffeivnt  parts  do  not  present  the  same  comf 

tion.     In  a  word,  the  mercury  separates  from  its  comhina^^" 

tion  with  the  ff«>ld. 

AVhen  u>in<r  the  amalgam,  it  is  spread  with  the  fingerrrrr 

upon  a  llat.  hard  stone,  called  the  ijihUng  Mone.  and  hav^ 

ing  dip|ied  a  scratch-bnish  of  stout  brass  wire  into  quick—  • 
insr  solution  until  it  lieoome:?  completely  white,  it  is  thet — ^ 
touched  to  the  amalgam,  a  ^x^rtion  of  which  it  carrie^^ 
away.  The  object.  preWously  well  cleansed,  is  scratch—  "• 
bnishexl  in  ever}-  liirectioii.  and  the  brush  is  ftequentl^^ 

d:p|>r\i  in  a  very  dilute  quiokins:  solution  in  order  to  faci- 

litato  the  regular  sprvadir.g  of  the  amalgam. 

This  oiH'rarlon  nx]u:rv>  grvni:  aire  to  obtain  a  unilbmi^ca 
coariiig  uiXMi  :ho  hollows  and  ele\-;irions. 

Wivn  the  K\ck  ixirt  of  a  p>\v  doe^  not  require  gUd— — 
ill::,  a  '{X^r::o:i  'vyor.vi  the  evii^^  should  be  gilded,  in  ordec::^ 
rhci:  the  r.aktv.  ivptvr  s>i:\ll  aiuse  no  injury  in  the  sub— — 
s<>:Mt::t  otvr.\t:o:ts. 

Wh-:::  t*:.^  .irti:.^'  is  ,:::::^n:/.y  covtrvc  with  the  amal— — 
gtiiv.,  :t  is  ::^,-t  vi  o\tr  :-.  vhj.r^wil  i\:r.:Aov  without  draft—— 
rv>ti:.^  utx^v.  ;•.  a-<t-"r^.  v.  :■'.■:-♦  UV  tr.tlre  attention  o^^ 
the    vtv"-t.^:  :<  :;  ^^    rvr;::T\vi  :  r  w.ivhi::g   the  process^ 

With  h:>  '-:^  h.i::v:  v,^;rvc  w::h    ■  thik   glove  of  buck 

ski::,  h;-  t:;r::s   thv   :  i-vv  ;::  t\-:y  .:::':•.•: ;:i  :;^n  the  fire^^ 
::::.:.  ,-s  th.^  :::;rv::r>  .i:si:  :vArs.  «::h  his  right    hand  he-^ 
s:r:xt*>   t::t*  .■.::•.:.-.•  :v.  i'^vtx   vf.rw:..::  w.th  ;=   brash,  with- 
.v::g  :;,-::.:.i  -/.".v:   ,:.>.,:>     t'^   >•  '  .  :::  cr.:^r  to  etjiiahze^ 
-^  ^^  'tx   :!  ;    rvv:.-:::::^ 


.t       i.^.v ^ 

:v^n:-  :v;::s  «h^h  ,;:^*v.;: 


:Aigum  upon 


-   M    :V-.:  \*.^  ^  .  -.1  ..  ^    :   -    ,:^:.  ^^  .;•:  i:  .  *,  .^^  wv^rknMia 


:,.■  Tikji-. :       -  -  x'iV>i ,:v   .\       '  ;  .i  ^  j^v^  ■-:i  .•,•:.    v 


k «    «i 


'.T  r-5k  oC: 
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Wlien  all  of  the  mermiry  has   voIatiHzed,  the  gild- 
bg  has  a  dull  greenish-yellow  color,  and  the  operator 

Fig,  lOo. 


Fig.  Uni 


len  examines  whether  the  coating  of  gold  is  continuous. 
JShould  a  few  uncovered  places  appear,  a  fresh  quantit)' 
[of  amalgam  is  added^  and  the  operation  is  repeated. 

The  next  operation  is  scratch-brushing,  w^hich  leaves 
I  the  piece  with  a  pale-green  color,  after  which  another 
[heating  is  necessary  for  arriving  at  the  desired  shade. 
[The  re-heating  should  he  sufficient  for  expelling  nny  re- 
maining mercury,  and  to  produce  a  fine  orange-yellow 
[gilding. 

We  may  now  proceed  to  one  of  two  distinct  operations, 
^rding  as  we  desire  a  bright  or  a  dead  surface.  In  the* 
irst  oise,  We  submit  the  object,  with  tlie  aid  of  heat,  to 
[the  onnohi  process  already  described.  In  the 
[second,  the  object  is  finnly  fixed  to  an  iron 
[tod,  with  wire  of  the  same  metal  (Fig*  106), 
[and  smeared  with  a  hot  paste  for  dead  gilding, 
composed  of  nitrate  of  potassium  (saltpetre), 
c'liloridc  of  sodium  (common  salt),  and  tlie 
double  sulphate  of  aluminium  and  potassium 
(jxitash  alum).  The  whole  is  heated  over  a 
brisk  charcoal  fire,  without  draft,  and  moved 
^about  until  the  mixture  becomes  dry  and  begins 
■  to  fuse,  wlien  the  article  is  immediately  plunged 

into  a  barrel,  or  cask,  half  filled  with  water,  I 

ten  the  side  of  which  a  square  opening  has  been  f 

Hfiiade  by  two  saw-cuts. 

I         The  covering  of  j^lts  is  immediately  dissolved,  and  the 
■di*ad  lustre  ap[>ears  in  all  its  beauty.     This  operation, 
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without  being  very  difBciilt,  requires  a  certain  amount  of 
practice,  and  is  usually  intrusted  to  a  skilful  workman. 

The  gilding  must  be  strong  to  stand  the  dead  lustre 
proeess,  especially  when  (as  is  often  the  ease)  the  first 
trial  is  not  successful. 

An  object  may  possess  the  right  kind  of  dead  lustre, 
and  still  be  covered  with  red  lines  left  by  the  iron  wire. 
These  disappear  by  plunging  the  object  into  a  not-ton- 
diluted  solutiou  of  nitric  acid.  Pure  hydrochloric  acid 
is  preferable. 

Fine  gilders  do  not  employ  pure  gold ;  that  which  they; 
use  is  previously  alloyed  witli  a  certain  propf*rtion  of  cop- 
per or  silver.  With  the  latter  metal  the  gilding  is  green. 
Red  gilding  is  either  obtained  with  a  dark  ormolu  or 
witli  the  greeu'/or-red^  previously  mentioned.  (See  thi 
chapter  on  Chemical  Pkoducts.) 

Glldmg  with  a  partJt/  Dead^ partly  Bright  Ltistre, 

During  the  past  twenty  years,  mixtures  of  bright  gildi 
ing  by  the  w^et  way,  and  deatl  gilding  by  fire,  upon  the 
same  article,  have  l>een  nuich  in  vogue.  J 

In  order  to  arrive  at  tliese  residts,  operate  as  follows  : — ' 
Gild  with  tlie  amalgam  tliose  parts  which  are  intended 
to  have  a  dead  lustre,  and  lieat,  scratch-brush,  and  reheai 
to  the  orange-yellow  color  as  directed.     Then,  with  th 
current,   give   a  sufficiently   strong  gold   deposit   to   the 
whole,  without  regard   to  the  parts   already  fire-gilded, 
scratch-brush  all  the  surfaces  carefully,  and  smear   the 
electro-gilded  portions,  first  with  a  thin  mixture  of  water  J 
glue,   and   Spanish-white,  and   afterwards   with   a   thick 
paste  of  yellow  clay.     After  drying,  cover  the  fire-gilded 
portions  with  the  paste  for  dead  gdding,  and  proceed  as 
has  previously  been  explained.     The  Spanish-white,  ete.JH 
are  dissolved  in  a  dilute  solution  of  hydrochloric  acid.     The 
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izc  is  intended  to  preserve  from  the  heat  the  electro- 
ilded  portions,  whirh  are  again  wire-brushed  with  all 
le  care  necessary  for  not  scratching  the  dead  lustre* 
'he  operation  is  finisluNl  by  burnishni^. 

This  method,  which  is  generally  followed,  is  open  to 
iveral  objections,  among  which  is  the  production  of  red 
its  on  those  places  which  have  been  heated  too  much, 
>r  where  the  coating  of  gold  was  not  thick  enough.  It 
is  easier  and  safer  to  proceed  as  (bllows: — 

Gild  with  the  amalgam,  and  in  the  manner  above  de- 

Iscribed,  dead-lustre  those  portions  which  are  to  receive  it, 

[-Rnd  preserve  them  entirely  with  *'stopping-off'^  varnish. 

JAfter  tliorough  drying,  cleanse  the  olyect  by  dipping  in 

'  acids,  in  the  usual  nianner,  and  gild  in  the  electro-bath» 

The  varnish  will  not  be  affected  by  these  acids  and  solu- 

[tions.     When  the  desired  shade  is  obtained,  remove  the 

vaniish  with  benzole,  whirih,  without  friction  and  without 

injury  to  either  the  shade  or  the  velvety  appearance  of 

[tiie  dead  lustre,  rapidly  dissolves  it.     Wash  in  a  hot  sohi- 

[tion  of  cyanide  of  potassium,  then  in  boiling  water,  and 

[allow*  to  dry  in  the  air* 

The  varnish  coating  may  also  lie  removed  by  allowing 
Ithe  object  to  remain  for  a  variable  length  of  time  in  con- 
fcentrated  sulphuric  acid  of  66^  IJaume,  which  has  no 
action  w*hatever  upon  the  gilding.  In  this  case,  the 
I  washing  with  cyanide  is  unnecessary,  and  pure  water  is 
(gufficient. 

GUding  with  a  dead  lustre,  whatever  be  the  process 
[employed,  is  adapted  only  to  those  objects  which  will 
iiiever  be  subjected  to  friction.  Even  contact  with  the 
[fingers  injures  it. 

A  new  freshness  is  imparted  to  old  dead  gildings  by  a 
watching  in  caustic  lye,  and  then  in  a  dilute  solution  of 
nitric,  or  sulphuric  acid.     This  process  is  sufficient  to  re- 
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move  the  greasy  spots,  dust,  and  smoke,  but,  evidently, 
will  not  remedy  scratches.  In  the  latter  case,  the  objects 
must  be  scratch-brushed,  and  then  heated  with  the  dead- 
lustre  composition. 
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DEAD-GILDING  ZINC. 

There  is,  at  the  present  time,  no  artistic  bronze,  what- 
ever be  its  finish,  and  its  clegimce  of  sliape,  whicli  may  not 
be  reproduced  in  zinc  (dignified  with  the  name  of  Bronze 
eomposiUon)  with  an  accuracy  which  often  deceives  the 
most  practised  eye.  Most  of  our  stores  are  filled  with 
clocks,  chandeliers,  cups,  and  other  articles  de  luxe^  made 
of  zinc  only.  Many  such  articles  are  simply  bronzed  to 
imitate  similar  objwts  of  real  copper,  brass,  or  bronze ; 
but  others  rival  in  their  gilding  the  finest  fire-gilt  products, 
with  dead  lustre,  scratch-brushed,  or  burnished. 

Gilded  zinc,  especially  with  dead  lustre,  is,  at  the  pre- 
sent day,  manufactured  in  Fnmcc  on  sucli  a  large  scale, 
that  it  will  be  serviceable  to  devote  an  entire  chapter 
to  the  manner  of  executing  it. 

The  first  operation  consists  in  stopping  with  tin  solder 
all  the  holes  and  the  small  fissures  which  may  exist  in  the 
object  of  zinc,  and,  at  the  same  time  removing,  with  a]>- 
projniate  tools^  the  seams,  burrs,  rough  spots,  etc. 

Afterwards,  the  piece  is  cleansed  by  passing  it,  for  a 
few  seconds  only,  through  a  boiling  solution  of  100  parts 
of  water  and  5  or  6  parts  of  caustic  potassa  or  soda. 
Too  long  a  sojourn  in  this  caustic  lye  will  destroy  the 
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polisli  of  the  zinc,  as  the  metal  bepns  to  dissolve.  After 
this  cleansing,  the  object  is  rint^ed  in  fresh  water.  It  is 
then  steeped  for  half  a  minute  in  a  pickle  composed  of 
10  parts  of  siUphnric  acid,  and  100  parts  of  water,  and 
lastly  rinsed  in  coUL  or  pi'cferably,  boiling  water. 

Thus  prepared^  the  object  is  immersed  either  in  a  cold 
or  warm,  electro^bath  for  coppering  or  brassing,  for  a  few 
nioments,  or  until  it  has  been  covered  with  a  thiii  met- 
allic film,  wliich  is  deposited  very  uniformly  if  the  object 
has  on  it  no  tin  solder,  and  has  been  perfectly  cleansed. 

On  the  contrary,  the  deposit  is  black  and  dull  on  those 
parts  which  have  been  soldered,  or  imperfectly  cleansed. 
In  the  latter  case,  the  article  is  thoroughly  scratch-l)nished, 
and  dipped  again  into  the  electro-bath  for  a  half  hour  or 
an  hour,  until  the  deposit  is  sufficiently  thick.  Most  gil- 
ders use  a  warm  bath  for  the  preliminary  coating,  scratch- 
brush,  and  comi>Iete  the  deposit  in  a  cold  bath. 

If  a  bright  gilding  be  desired,  the  article  may  be  rinsed 
in  fresh  water,  and  then  conveyed  to  an  electro-gilding 
bath. 

On  the  other  hand,  if  we  desire  a  dead-lustre  gilding, 
'equal  in  appea mnce  to  the  best  fire-gilding,  we  proceed 
by  either  of  the  following  methods : — 

Firat  Methml—Wlfh  Silver, 

An  electro-silvering  bath  is  prepared  by  dissolving  in 
lOflfl  parts  of  water  15  parts  of  fused  nitrate  of  silver, 
and  adding  25  parts  of  pure  cyanide  of  |*otassium,  wliich, 
at  first,  produces  an  abundant  precipitate,  which  soon 
dissolves.  The  filtered  liquid  is  the  silver  bath,  into 
which  the  zinc  article,  previously  coated  with  copper  or 
brass,  is  immersed.  Under  tlie  infiuence  of  a  properly 
adjusted  electric  current,  the  silver  deposited  is  of  a  very 
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handsome  frosted  (dead-lustre)  apiiearanee,  and  perfectly 
white.  The  object  is  then  rapidly  and  thoroughly  rinsed, 
and  immei*sed  in  an  electro-gilding  bath,  of"  which  we 
shall  give  the  formula. 

The  dead-gilding  obtained  by  this  process  is  very  fine 
and  satiny,  but  is  soon  altered  and  darkened  by  the  sid- 
phuretted-hydrogcn  in  the  atmosphere  (and  from  which 
coal  gas  is  not  entirely  free),  which  sulphurizes  the  silver 
through  the  thin  film  of  gokL 

This  process  is  seldom  employed  at  the  present  day, and 
the  following  one  is  preferred,  and  rightly  so,  since  it  is\ 
more  durable  and  more  economical : — 

Second  Method, — By  GahKinoplastic  Processes. 

Add  to  a  suitable  quantity  of  water,  one-tenth  of  its 
vohime  of  sulphuric  acid,  and  dissolve  in  this  acid  liquid, 
as  mucli  sulphate  of  copper  (l)lue-vitriol)  as  it  will  take 
up  at  the  ordinary  temperattn*c.  This  solution  will  then 
mark  from  2(r  to  2i^  Baume,  and  sliould  be  diluted  with  i 
enough  water  to  reduce  its  density  to  16^  or  18^,  fl 

This  electro-bath  is  gt^nerally  contained  in  large  vessels 
of  stoneware,  slate,  wood,  or  gutta-percha ;  and  porous 
cells  are  immersed  in  it,  which  are  filled  with  a  weak 
solution  of  sulphuric  acid  and  of  amalgamating  salts. 
Plates,  or  cylinders,  of  zinc  are  placed  in  these  cells,  and 
are  connected  with  one,  or  several  brass  rods,  which  rest 
upon  the  sides  of  the  trough,  and  support  the  articles 
which  Eire  to  be  treated,  (Fig.  1(17.)  The  articles  of 
zinc,  previously  coated  with  copper  or  brass,  are  then 
suspended  to  the  rods,  and  remain  in  the  solution  of  sid- 
phate  of  copper  untd  they  have  acquired  a  satisfactory 
dead  lustre. 

It  is  prudent,  a  few  seconds  after  the  articles  have  been 
immersed  in  the  bath,  to  take  them  out,  and  examine 
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^hem  carefully.     Indeed,  should  the  previous  coating  of 
hopper   or  brass    be   insufficient   to   resist   the   corrod- 
ing  action   of  the   acid   solution   of    sulphate   of   cop- 
per,  there   is   produced    a   muddy   and    dark   deposit, 
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which  is  easily  removed  with  the  finger.  And  should 
this  occur,  the  objects  must  be  scratch-brushed  and  placed 
again  in  the  former  alkaline  coppering  or  brassing  baths, 
in  order  to  increase  the  deposit  which  should  protect  the 
zinc  in  the  galvanoplastic  bath. 

The  beginner,  before  undertaking  this  operation,  will 
do  well  to  consult,  and  become  conversant  with,  the  second 
part  of  this  work  which  treats  of  the  galvanoplastic  art 
proper.     . 

When  the  galvanoplastic  dead-lustre  has  been  success- 
fully obtained,  the  deposit  is  perfectly  regular,  and  of  a 
pink  shade.  When,  on  the  contrary,  it  is  irregular,  mar- 
bled, crystalline,  of  a  vinous  color,  and  dull  or  earthy  in 
appearance,  these  defects  are  due  to  the  following  causes : 
either  the  bath  is  in  a  bad  state  of  conductibility,  or  of 
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lOUO  parts* 

1  part. 

2  parU. 


saturation  ;  or  the  surface  of  the  zinc  is  too  considerable 

in  proportion  to  that  of  the  objects;  or^  lastly*  the  pre- 
vious electro-deposits  of  copper  or  brass  were  insufficient 
or  inferior  in  quality.  The  remedy  for  either  of  these 
inconveniences  in  easily  applied,  and  simply  requires  a 
little  care  and  attention. 

The  galvanopkistic  dead-hHtre  bein|^  once  obtained  in 
a  Siitisfactory  mnnner,  two  preliminary  operations  are 
needed  to  insure  the  success  of  tlie  gilding. 

They  consist  in  rapidly  passing  the  object  (with  dead 
lustre),  after  rinsing,  through  a  solution  composed  of: — 

Water 

Nitrate  of  mt^rcury        .... 
Sulpluiric  acid 

Then,  after  rinsing,  plunging  it  into  another  solution 
composed  of: —  ^ 

4 

Water ,         .  1000  parts. 

CviUikle  of  ^Kyhissium    »  .         .  .  .        40     ** 

Nitrate  of  silver  ,         .         .         .         .  .       10     ** 

After  coming  out  of  this  hath,  the  ohject  has  acquired 
a  whitisli  tinge,  and  is  again  rinsed  in  fresh  water,  before 
being  placed  in  the  following  gilding  bath : — 

Phosphate  of  sodiiiai     »          .          ,          .          .00  partg, 
Bi>!iilphite  of  sodium     *          .         .          .          ,        10     ** 
Cyanide  of  potossiuTn  (pure)          .         .  1  to  1|  " 

Chlori<le  of  gold,  neutral       .         ,         .          .  2     ** 

Distilled  water      * 1000     " 

The  mode  of  preparation  of  this  bath  is  given  at  the 
beginning  of  Chapter  XXI. 

This  bath  shotdd  be  nearly  boiling,  and  worked  with 

a  strong  galvanic  current.  The  anode  is  a  platinum  wire, 
whicb,  being  more  or  less  imineised  in  the  liquid,  allows 
of  the  regulation  of  the  current  according  to  the  volume, 
weight,  and  surface  of  the  object  to  be  gilded. 
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This  kind  of  gilding  requires  at  the  outset  an  ener- 
getic electric  action,  obtained  by  dipping  the  platinum 
wire  deeply  in  the  liquid,  in  order  that  the  entire  surface 
of  the  piece  shall  be  covered  instantaneously  ;  then,  as  the 
thickness  of  the  deposit  increases,  the  anode  sliould  be 
progressively  withdrawn  from  the  bath  until  it  dips  very 
little.  The  gilding  obtained  by  this  method  has  a  re- 
markable freshness  of  tone. 

A  few  gilders,  before  introducing  the  artiele^s  into  the 
electro-bath,  pass  tliem  through  a  bath  for  gilding  by  dip- 
ping, which  they  call  a  preparing  hath^  and  which  is  the 
same  as  that  described  on  page  166,  Chapter  XIII. 

Others  gild  in  two  operations;  that  is  to  say, after  hav- 
ing deposited  about  half  of  the  gold  which  it  is  intended 
that  the  object  shall  receive,  it  is  removed  from  the  bath, 
washed,  passed  again  tlirough  quicking  solution,  and  re- 
placx?d  in  the  gold  bath  for  finishing  the  gilding. 

After  gilding,  the  articles  are  rinsed  in  clear  boiling 
water  for  a  fe^v  seconds,  and  dried  in  the  stove,  or  in  warm 
sawdust  of  fir  wood.  All  friction  should  be  carefully 
avoided,  otherwise  the  dead  lustre  will  be  injured.  These 
washings  are  necessary,  because,  if  saline  matters  are  not 
completely  removed,  they  will  react  upon  the  zinc  and 
the  copper,  and  the  gilding  will  be  covered  with  verdigris. 

When  certain  parts  of  this  gilding  are  burnished,  their 
color  is  green,  if  the  frosted  surface  has  been  obtained  in 
the  silvering  bath  ;  or  red,  if  the  electro-coppering  bath 
has  been  employed.  These  inconveniences  are  remedied 
by  dipping  the  burnished  article  again,  for  a  short  time, 
into  the  gilding  bath.  It  is  evident  that  this  last  deposit 
of  gold  must  be  so  thin  that  it  will  not  sensibly  impair 
the  brightness  of  the  burnished  parts, 

I>ad-Iustre  electro-gilding  upon  zinc,  like  that  obtained 
by  the  old  processes,  is  adapted  for  those  objects  only 
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winch  have  no  frirtion  to  hear,  and  which  are  not  often 
handled  This  kind  of  gilding  is  especially  applied  to 
clocks  and  similar  articles,  which  remain  under  glass. 

The  dead  hislre  obtained  by  a  thick  deposit  of  gold  i^ 
always  dull,  earthy,  and  of  an  unattractive  appearance. 

The  process  of  dead-lustre  gilding,  described  in  this 
chapter,  may  be  apphed  to  all  metals  and  alloys,  provided 
that  those  attacked  1*y  the  sohition  of  sulphate  of  copper 
be  previously  coated  with  copper  or  brass  in  the  alkaline 
bath.  Indeed,  these  previotis  coatings  of  copper  or  brass 
are  always  desiralde,  because  they  prevent  crystalline  and  . 
irregular  deposits  often  formed  upon  metals  which  are  fl 
not  corroded  by  the  Ijatli  of  sulphate  of  copper.  As  the  " 
result  of  his  experience^  Koseleur  affirms  that  the  galvan€>-  ^ 
plastic  dead-gilding  upon  cast  or  himinated  copper,  is  H 
much  finer  when  the  pieces  have  been  previously  covered 
with  copper  or  brass  in  the  alkaline  baths* 

We  sum  up,  as  follows,  the  operations  necessary  for 
dead-gikling  zinc  : — 

L  Mending  the  pieces,  that  is,  closing  up  all  holes  and 
fissures  with  the  soldering  iron,  etc. : 

2.  Cleansing  in  a  solution  of  caustic  soda  or  potassa ; 

3.  Rinsing  in  water  acidulated  with  sulphuric  acid; 

4.  Eft'ecting  an  electro-dcposit  of  copper  or  brass,  for 
a  few  minutes  in  hot  alkaline  baths ; 

5.  Scratcb-brnshing ; 

6.  Finishing  the  electrodeposit  of  copper  or  brass"^ 
the  alkaline  bath,  hot  or  cold  ; 

7.  Washing  and  imparting  n  dead  lustre  either  in  the 
silver  bath,  or  in  that  of  sulphate  of  copper ; 

8.  Rinsing,  and  passing  through  the  quickiug  solution  , 

9.  Washing,  mid  steeping  in  a  silvering  bath  by  dipl 
ping  (many  gilders  omit  this  operation) ; 
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10.  Rinsing,  and  gilding  in  the  nearly  boiling  gold 
bath,  in  one  or  two  operations  ; 

11.  Washing  in  pure  boiling  water ; 

12.  Drying  in  sawdust,  or  in  an  oven,  or  in  both ; 

13.  Burnishing  certain  parts,  then  slightly  regilding, 
washing,  and  drying. 

Faded  gildings  may  be  restored  by  dipping  them,  for 
a  greater  or  less  length  of  time,  in  a  weak  and  tepid 
solution  of  cyanide  of  potassium,  and  afterwards  in  very 
dilute  nitric  or  sulphuric  acid.  We  may  add  that  imper- 
fect gildings  may  be  removed  by  inverting  the  poles  in  a 
soWtion  of  cyanide  ;  that  is,  by  connecting  the  gilded  arti- 
cles with  the  positive  pole  (carbon  or  copper),  and  making 
the  anode  serve  as  the  negative  pole  (zinc).  In  this  re- 
versed order  it  is  the  anode  which  becomes  gilded.  This 
process  is  especially  employed  for  removing  the  gold  from 
articles  of  iron,  steel,  and  even  silver,  which  cannot  be 
submitted  to  the  ungUding  {stripping)  hath  which  we  are 
about  to  describe.  Silver,  copper,  and  brass  may  also  be 
removed  by  similar  processes. 


CHAPTER  XXVII. 

USEFUL  NOTES  AND  MEMORANDA  CONCERNING 
ELECTRO-GILDING. 

HINTS  ON  PREPARATION  OP  ARTICLES  FOR  GILDING— COLOR  OF 
ELECTRO-DEPOSITED     GOLD— RECOLORING     ELECTRO-GILDED 

WORK "gilder's  wax" FREE   CYANIDE — MANAGEMENT 

OF    GILDING    SOLUTIONS — REMOVING    GOLD    FROM   GILDED 
ARTICLES  (stripping). 

Preparing  Articles  for  Gilding. — Watt  {Electro-MetaU 
i'^^fft/i  63  et  seq.)  prepares  silver  goods,  such  as  cream-ewers. 
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sugar-bowls^  miijEfs,  etc.,  by  scouring  well  with  hot  soap- 
water  and  silver-sand ;  if  they  are  at  all  greasy,  he  applies 
a  little  caustic  soda  to  them  first.  Small  articles,  such  a$ 
silver  brooches,  pins,  rings,  thimbles,  egg,  salt  and  ihustard 
spoons,  etc.,  merely  require  to  be  scratch-brushed  before 
gilding.  When  they  have  received  the  required  deposit,  ( 
they  should  be  removed,  and  again  brushed,  when,  if  the 
color  be  too  pale  or  too  deep,  he  immerses  them  again 
for  an  InHianf  in  the  gilding  bath,  and  then  plunges  thera 
into  boiling  water,  when  they  will  exhibit  a  tine  gold 
color.  f 

Silver  filagree  brooches,  etc.,  he  directs  to  be  |vell 
scratch-brushed,  dipped  for  a  moment  in  the  gilding 
bath,  then  removed,  rinsed,  and  scratcli-brushed  again.  ^ 
When  immersed  the  second  time  in  the  bath,  the  gilding  | 
is  affirmed  to  be  more  uniform  than  it  would  otherwise 
be.  For  copper  and  its  alloys,  and  for  iron,  st^el,  etc., 
his  methods  of  preparation  are  substantially  the  same  as 
those  of  Roselenr.  Gore,  Urquhart,  Napier,  and  other 
authorities  use  substantially  the  same  cleansing  processes 
as  recommended  in  this  work. 

Watt  reft^rs  at  length  {Elevtvi^MtUdlnrgii,  G(5)  to  the 
difficulty  of  ol)taiiiing  uniform  gilding  upon  goods  w  hich 
have  mountings  pewter-soldered  upon  them — ^as  is  often 
the  case  with  common  jewelry — on  account  of  the  tardi- 
ness with  wliich  the  solder  accepts  the  gilding,  and  which 
may  often  require  the  operator  to  deposit  mnch  more  gold 
than  is  necessary,  or  desired,  on  the  other  parts  of  the 
object  before  the  obstinate  soldered  spots  become  covered. 

Watt's  remedy  for  tliis  difficulty,  which  we  have  else- 
where briefly  alluded  to,  consists  in  wetting  the  soldered 
spot  with  an  acid  solution  of  sulphate  of  copper  (or  con- 
centrated silver  solution)  and  touching  it  with  a  piece  of 
steel,  when  the  part  in  question  at  once  receives  a  film  of 
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Fcopper  (or  silver)  whicli  may  lie  strengthened  by  several 
repetitions  of  the  operation.  When  the  article  is  again 
immersed  in  the  bath,  the  soldered  part  thu?*  coppered 
takes  the  gilding:  by  preference.  This  hint  may  be  found 
useful  to  the  operator, 

f  It  shotdd,  however,  be  borne  in  mind,  that  the  above- 
named  difficulty  is  due  sometimes  to  a  too  feeble  current, 

lor  to  the  want  of  cyanide  in  the  bath, 

'  In  the  gilding  of  cheap  jewelry,  French  and  Birming- 
ham fancy  goods,  and  articles  that  only  require  to  be  given 
a  colored  surface,  Watt  {Eheiro-MeiaUargy^  67)  proposes 
to  gild  with  a  copper  anode,  and  as  the  gold  becomes  ex- 
hausted to  add  more  from  time  to  time,  thus  working  from 
the  solution,  instead  of  irom  the  copper  anod(\  By  this 
means,  the  operator  is  insured  against  depositing  more 
gold  than  it  would  pay  to  put  en  this  cheap  class  of  work. 
It  is  impossible,  liowever,  by  this  procedure,  to  avoid 
contaminating  the  bath  with  copper,  and  we  consider  the 
plan  of  using  a  platinum  anode,  as  recommended  by  Bose- 
Icur,  as  decidedly  prefeinble,  since  it  accomplishes  the  same 
object  without  aflecting  the  quality  of  the  bath. 

The  color  of  eJectrtt-dejKJsiffd  gohh  as  has  been  pointed 
out  (leaving  out  of  consideration  the  colorations  produced 
by  additions  of  copper  or  silver  salts  to  the  hath,  and 
those  produced  artiiicially  by  subsequent  treatment  of  the 

[  articles  after  their  removal  from  the  gilding  solution)  will 
vary  according  to  the  condition  of  the  bath  (/.  e.,  accord- 
ing as  it  is  more  or  less  exhausted  of  gold,  or  has  a  defi- 
ciency or  an  excess  of  cyanide),  according  to  the  strength 
of  the  current,  and  the  surface  of  the  anode  exposed  in 
the  bath.  In  addition  to  the  above  causes,  it  may  be 
useful  to  note  the  fact  that  the  temperature  at  which 
the  solution  is  w^orked  likewise  influences  the  depth  of 
color  of  the  gilding,  the  color  being  lightest  when  the 
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bath  is  worked  cold,  and  becoming  gradually  darker 
the  temperature  of  the  bath  is  raised.     It  is  generally  at^^* 
mitted  by  electro-gilders,  that  the  best  results  as  to  richnes-^=^^ 
of  color,  witli  a  giM'n  batli,  are  obtained  when  it  is  workec^^*^ 
at,  or  slightly  above,  13*)°  Fah.     Movinfr  the  articles  iu  ^^^ 
the  bath  likewise  influences  the  coloring  of  the  deposit^ 
while,  by  preventiiifi;  an  uneven  or  streaked  deposit,  itadd>^ 
materially  to  tlie  beauty  and  uniformity  of  the  gilding, 

RecohriiHj  Gilded  W'lyrk. — For  restoring  the  color  of^  ^* 
badly  gilt  work,  especially  of  watch-cliaius,  car-riugs,  and  ^^j 
other  jewelry  of  small  bulk,  I  rquhart  {EhcirO' Plating^ 
188  e^  mq,)  objects  to  any  uiethods  which  involve  the 
violent  heating  of  tht^  articles.  He  prefers  the  following 
procedure,  whit"li  he  recojumends  *•  for  bad  coloring,  when 
it  is  too  pale  .  .  .  and  lor  ordinary  gohl  chains — 
not  gilded  work — although  it  may  be  used  for  both." 
His  com])ositious  are  : — 

For  red  gold  :  A  mixture  of  equal  parts  of  copper 
sulphate,  sal-anunoniac,  borax,  and  common  alunij  pow- 
dered together  and  moistened  with  water. 

For  yellow  gold:  An  intimate  mixture  of  powdered 
sidtpetre,  6  parts;  copperas,  2  parts;  white  vitriol,  1  part; 
alum,  1  part. 

For  green  gold  :  A  well-mixed  composition  of  saltpetre, 
5  parts;  sal-ammouiac,  5  parts;  Roman  aloes,  6  parts; 
and  verdigris,  ;>  parts. 

Tlie  articles  liefore  being  treated  in  the  above  composi- 
tions are  to  be  dipped  first  in  dilute  nitric  acid,  then  in 
strong  nitric  acid  for  an  instant  only,  then  in  water.  The 
mixture  to  be  used  is  placed  in  a  plumbago  cnicible,  a 
little  water  added,  antl  the  composition  made  to  boil  by 
a  gentle  heat.  The  w^ork,  suspended  fn>in  a  horsehair,  is 
then  dippc^d  into  the  mixture  immediately  after  cleaning, 
as  above  described,  and  left  in  it  for  several  minutes.    It  is 
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then  taken  out,  and  rinsed  in  a  pan  of  boiling  water. 
Jilt  this  stage  of  the  operation  the  work  should  look  black, 
or  nearly  so.  It  is  dipped  again  into  the  mixture  until  it 
lias  acquired  the  desired  color.  It  is  then  finished  by 
Tubbing  in  the  hands  with  whiting — if  a  chain— or  by 
scratch-brushing. 

Urquhart  (see ante) and  Gore  {Electro-Metallurgy ^\2Q) 
describe  a  composition  employed  to  remedy  a  defective 
color  in  gilding,  prepared  by  making  into  a  wet  paste, 
^with  a  little  water,  a  mixture  in  powder,  of  two  parts 
of  nitrate  of  potassium  (saltpetre),  one  of  sulphate  of  zinc, 
one  of  alum,  and  one  of  common  salt.  A  layer  of  this 
paste  is  smeared  over  the  article,  which  is  then  heated  to 
"blackness  on  an  iron  plate,  over  a  clear  fire,  then  plunged 
into  water.  By  varying  the  mixture  different  tints  of 
color  are  obtained.  It  need  scarcely  be  said,  that  this 
t:reatment  is  only  applicable  to  a  good  gold  deposit. 

A  "  gilder's  wax,"  for  improving  the  color  of  poorly 

^Ided  articles  after  Watt's  formula  {Electro-Metallurgy^ 

S09),  is  made  by  adding  red  ochre,  alum,  and  verdigris 

*:o  beeswax  in  a  melted  state.     By  heating  the  article  and 

^J^assing  the  wax  over  it,  a  sufficient  quantity  will  attach 

i  tself  for  the  purpose.     The  subsequent  treatment  is  the 

^ame  as  that  described  in  our  reference  to  waxing  (Chap- 

-•rer  XVII.,  page  184). 

Mathey  (Winckler,  Handb.  d.  Metalluberzugen,  167) 
^proposes  the  following  composition  for  a  "  gilder's  wax," 
"^iz: — 

Yellow  wax  » 120  parts. 

Acetate  of  copper  .         .         .         .         .       30     ** 

Sulphate  of  copper 30     ** 

Alum 30     " 

Armenian  bole 30     '< 

These   ingredients   are  fused   together  and  cast  into 
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sticks.  The  article  to  be  treated  is  first  heated,  thi 
coated  with  a  layer  of  the  wax,  then  again  heated  until 
the  latter  begins  to  biirrij  when  it  is  plunged  in  oil  of  ruf*" 
penline  wliieh  dissolves  off  the  wax  and  the  ^urticle  if 
finally  serateh-brushed.  This  composition  gives  a  ligbl 
red  color.  To  obtain  a  green,  the  above  receipt  should  be 
modified  by  substituting  in  place  of  the  acetate  and  sml- 
phate  of  copper,  the  sulphate  of  zinc  or  the  nitrate  of  silver. 

Necessity  of  Free  Cyiinidt ;  Manageme'ni  of  Criltlinj 
Baihs. — Concernitig  tlie  necessity  of  having  a  certaia 
quantity  of  free  cyanide  of  potassium  in  the  double  cj> 
nidc  baths  for  gilding,  silvering,  etc*,  thnt  is,  a  quantit\*iu 
excess  of  that  required  to  dissolve  the  metallic  salt,  a  fcw 
words  by  way  of  explanation  may  not  come  amiss. 

The  addition  of  free  cyanide  is  designed  not  merely 
for  the  purpose  of  improving   the  conducting  qualitt  of 
the  Imth,  as  some  operators  suppose,  but  for  an  iniportani 
reason  intimately  related   to  the  cliemical  action  taking 
place  in  the  bath  under  the  action  of  the  current.     WhiJc 
gold  or  silver  is  being  deposited  at  the  cathode,  the  cya- 
nogen liberated  at  the  anode  attacks  the  latter,  and  form* 
cyanide  of  gold  (or  silver).     This  salt,  however,  is  insolu- 
ble, and  until  the  cyanide  of  potassium  freed  with  the 
gold  at"  the  cathode  could  find  its  way  across  to  the  ano(fe, 
the  latter  would  be  covered  with  an  accumulation  of  c\tr 
nide  of  gold,  which  it  would  be  difficult   to  dissolve  oft 
and   tiie  function  of  tlie  anode  to  keep  up  the  supply  <" 
gold  or  silver  in  the  bath,  would  be  seriously  impaimL^^f 
completely  suppressed.     If  some  frte  cyanide  be  present 
in  the  bath,  however,  it  will  dissolve  awav  the  cvanid*?*^^ 
gold  or  silver  as  rapidly  as  it  forms,  thus  keeping  thi' 
metallic  surface  of  the  anode  bright,  and  maintaiuing  the 
metallic  strength  of  the  bath. 

As  we  have  jneviously  ]>ointed  out,  however,  the  qiiati* 
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tity  of  '*  free  cyanide"  present  should  not  exceed  certain 
limits;  if  these  be  overstepped,  unfavorable  effects  at 
bnre  appear.  No  fixed  rule  can  be  laid  down  to  define 
the  best  proportions  that  should  exist  between  the  several 
ingredients  of  the  bath,  since  the  chemical  action  of  tlie 
bath  is  influenced  by  so  many  conditions:  i. «?.,  the  strengtli 
■r  the  current,  the  proportion  of  gold  in  solution,  etc. 
itc.  In  a  general  way,  it  may  be  said,  however,  that  a 
pood  proportion  of  **  free  cyanide"  is  from  one- fourth  to 
pne-lialf  the  quantity  that  was  required  to  dissolve  the 
Lit  of  gokl 

I   If  the  quantity  of  free  cyanide  is  not  properly  adjusted 

to  the  requirements  of  the  bath,  the  fact  will  be  speedily 

brought  to  tlie  notice  of  tlie  operator  by  tbe  appeanince 

of  his  w^ork,  or  by  the  bad  working  of  his  bath.     Too 

pttle  free  cyanide  wll  be  indicated  by  the  deposit  of  gold 

being:  weak  and  pale,  or  the  anodes  will  become  encrusted* 

n  both  i  too  nnich  cyanide,  on  the  other  hand,  is  likely 

D  cause  what  is  known  as  ''foxy"  gilding, land  the  bath 

orks  slowly,  as  the  excessive  cyanide  may  dissolve  the 

rold  away  almost  as  fast  as  it  is  deposited. 

ITie  remedy  in  each  of  these  cases  is  obvious. 

Too  little  (*yanide  h  corrected  by  adding   mor<? ;  and 

^  much  either  by  working  tlie  solution  with  u  very  large 

tode,  which  will  soon  supply  enough  gold  to  neutralize 

excess,  or  by  an  addition  of  some  salt  of  gold,  until 

proper  working  condition  of  the  bath  is  restored. 

"VVatt  (Elect rchMefalhirgy^   166   et  serf,)  very   forcibly 

Is  attention  to  the  importance  of  avoiding  an  excess 

€*yanide,  in  the  following  terms,  tIz  :  "  Cyanide  should 

l<Iom  be  added  to  a  bath,  whether  of  gold  or  silver. 

Hem  the  anode,  being  at  work,  is  cb^an  and  uniform  in 

|>|*earance.     It  is  always  objectionable  to  have  too  great 

^  excess  of  this  salt  in  the  batli ;  therefore,  it  shoidd 

17 
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never  be  added  imtil  tlie  batteries  and  tlicir  connectioi 
have  been  well  examined.     Sometimes,  when  the  batte 
is  somewhat  exhausted,  the  anodes  become  slightly  dii 
colored,  especially  if  a  larger  surface  of  goods  is  expose*^  "^H 
than  is  proportionate  to  the  size  of  the  anode ;  in  suctT  ^^ 
case  it  will  be  necessary  to  increase  the  activity  of  th-»    ^^ 
battery  rather  than  to  add  cvanide  to  the  bath,     Cvanid^  -*^ 
is  a  good  friend  but  a  bad  foe.     All  that  a  good  batl^  -^ 
requires  is  -a  slight  excess  of  cyanide,  if  the  battery  is  iiz:2 
good  order,  and  but  little  organic  matter  has  accuniulatec 
in  the  hatbJ' 

Anotlicr  cause  of  the  variable  l)ehavior  of  the  cyanidt^ 
gilding  baths  may  be  ascri!>cd  to  the  fact,  previouslr-^ -I 
pointed  out,  that  the  quantity  of  gold  deposited  on  tlic^33^-^ 
article  is  not  exactly  equivalent  to  the  amount  dissolved^-^ 
at  the  anode,  being  sometimes  greater  and  sometimes 
less. 

As  the  result  of  a  series  of  experiments  on  this  subject 
Napier  {Eleclrc^MetaUurgi/^  lb9)  affirms  that  in  five  in- 
stances only  was  the  deposit  exactly  equal  to  the  quantity 
dissolved  from  the  positive  plate.  In  many  instances  the 
ditference  did  not  exceed  3  per  cent.,  though  occasionally 
it  arose  to  50  [icr  cent.  The  average  difference  was  *25 
|>er  cent.  In  some  cases  double  the  quantity  dissoh-ed 
was  deposited,  in  others  the  reverse  occurred,  both  result* 
ing  from  alterations  made  in  the  state  of  the  solution,  and 
the  relative  sizes  of  the  negative  and  positive  electrodes. 

From  this  cause,  therefore,  the  proportions  of  a  gilding 
bath  in  frequent  use  will  necessi^rily  suffer  some  distm'b- 
ance.  When  the  solution  is  depositing  a  greater  quan- 
tity of  gold  upon  the  cathode  than  is  dissoh  ed  in  the 
same  time  from  the  anode,  the  batli  soon  becomes  chargt*d 
with  an  excess  of  free  cyanide,     Tliis  condition  of  tilings 
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ppears  to  take  plare  iti  hatlis  very  rich  in  gold,  and  may 
ye  corrected  by  a  judicious  dilution  of  the  solution. 

On  the  other  hand,  when  the  solution  is  depositing  less 
jold  than  is  dissolved  in  the  same  time  from  the  anode, 
ess  cyaaidc  is  libemtc»d  at  tlie  cathode.  In  this  case  a 
Jeficieney  of  gold  in  the  bath  may  he  suspected  and 
emedied  by  a  judicioiLs  addition  of  gold  salt,  or  by  the 
rtifice  of  using  for  a  time  a  very  large  gold  anode  and  a 
omparatively  small  receiving  surface.  Where  this  un- 
hvorable  condition  of  the  bath  (/.  ^.,a  deficiency  of  gold) 
fi  pronounced,  it  is  apt  to  manifest  itself  also  by  the 
node  becoming  blackened  and  slimy,  and  evolving  gas, 
"his  condition  of  things  gii'nerally  manifests  itself  when 
Ihe  bath  is  nearly  exhausted  of  gold,  as  where  a  gold 
.node  has  been  used  which  is  very  small  in  comparison 
til  the  surface  of  the  article  at  the  cathode. '  This  slimy 
appearance  of  the  anode  should  not  be  confounded  with 
he  yellowish,  or  givenish,  or  even  dark-coluredj  incrusta- 
on  on  the  anode,  above  referred  to,  as  an  indication  of  a^ 
fieiency  of  free  cyanide  in  tlie  bath,  since  in  this  case 
ie  addition  of  cyanide  would  be  worse  than  useless.  It 
hcinlcl  be  remembered,  therefore,  that  the  surface  of  anode 
ccpoiit^d  should  be  regulated  bv  that  of  the  articles  in  the 
th. 

The  experienced  operator,  fiimiliar  with  the  varying 
^liavior  of  his  cyanide  gilding  solutions,  is  enabled  to 
^rreetly  interpret  the  signs  which  they  indicate,  and  to 
manage  them  as  to  keep  them  in  good  working  con- 
on  for  years* 


reiCOVTKG  (iOLD  FROM  GILDED  ARTICLES "STRIPPING.'* 

Artists  and  manufactm-ersare  often  required  to  remove 
ic  gold  from  gilded  objects,  either  for  repeating  anew  an 
ipcrfect  gilding,  or  for  extracting  the  gold  from  worn-out 
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articles  to  be  consigned  to  the  melting  pot.  The  methud 
varies  considembly,  according  to  the  metal  upon  wliich 
gold  has  been  deiwsited. 

Iron  and  steel  are"  sti"ipped"  without  any  injury  to  then 
selves,  by  dipping  tliem  into  a  bath  of  10  parts  of  cpniJe] 
of  potassiiini  and  100  partsof  water,  and  connecting  thcr 
with  the  positive  pole  of  a  battery.  A  wire  or  foil  ef  plat* 
intim  is  attached  to  the  negative  pole.  This  is  simply  in- 
verting the  ordinar\'  position  of  the  poles ;  and  the  ^qU 
ujion  the  iron  or  steel  is  partly  dissolved  in  the  solution 
of  cyanide,  and  partly  deposited  upon  the  platinum  anode, 
from  which  it  is  removed  in  a  regidar  gilding  bath,  Wlien 
there  is  only  a  mere  film  of  gold  upon  iron  or  steel,  it  mar 
be  rtnnoved  by  the  cyanide  alone,  without  the  aid  of  eleoj 
tricity,  but  this  method  is  slow. 

Silver,  copper,  and  their  alloys  may  also  be  stripped  of  j 
gold  by  this  process;  but,  as  the  cyanide  at  the  same  time 
dissolves  not  only  the  gold  but  also  the  other  metals,  it  is, 
pn^fcTable  to  operate  as  follows  :■ — 

For  migilding  silver,  it  is  heated  to  cherry-redness, and  j 
immediately  thrown  into  a  pickle  of  more  or  less  diluted 
sulphuric  acid.  The  gold  scales  off,  and  falls  to  the  bot- 
tom. The  operation  is  repeated  until  gold  no  longer  ap 
pears  upon  the  surface  of  the  silver,  which  is  thrn  wliitr 
and  frosty. 

This  process  is  imperfect,  and  is  not  adapted  to  Hglit 
and  hollow  articles,  for  which  the  first  described  pro<H?^  i 
is  preferable. 

For  copper  and   its  alloys,  such  as  bronze,  German- 
silver,  brass,  etc.,  t\vo  different  methods  may  be  followed,  | 
according  to  the  nature  and  vohune  of  the  objects* 

Small  trinkets,  thinly  gilded,  either  by  current  or  bfj 
immersion,  are  dipped  into  the  following  bath : — 
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Sulphuric  acirl  (oil  of  vitriol)   . 
Nitrie  acid  (aqua  fortis)   , 
Hydrocliloric  acid  (muriatic  ueid) 


10  volumes. 

1  %*olume. 

2  volumes. 


The  above  mixture  is  simply  aqua  regia  in  a  large  quan- 
|ty  of  sulphuric  acid,  which  excess  of  sulphuric  acid  allows 
ff  the  solution  of  gold,  without  sensibly  attacking  copper 
ff  its  alloys. 

Ordinarily,  the  sulpliurir  acid  is  placed  by  itself  in  a 
toneware  jar,  and  the  mixture  of  hydrochloric  and  nitric 
icids  (aqua  regia),  kept  in  a  stoppered  bottle,  is  gradually 
dded  to  it  as  the  operation  of  "  stripping"  proceeds.  The 
Rme  sulphuric  acid  may  last  a  long  time,  provided  it  is 
:ept  well  covered,  and  the  action  of  the  acid  mixture  is 

promoted  by  additions,  from  time  to  time,  of  nitric  and 

hydrochloric  acids. 

fThe  articles  should  be  withdrawn  often,  in  order  to 
ratch  the  operation,  wdiich  is  terminated  when  no  traces 
f  gold  are  seen,  and  when  the  copper  has  acquired  a 
miform  blackish-gray  coating. 

j  We  may  also  ascertain  that  all  the  gold  has  been  dis- 
olved,  by  plunging  the  objects  into  the  mixed  acids  for 
ieansing  (see  ante),  in  which  they  are  perfectly  cleansed 
rhcn  the  gold  has  disappeared. 

Nitrate  of  potassium  (scdtpetre)  and  chloride  of  sodium 
common  salt)  may  be  substituted  for  the  nitric  acid  and 
iydrochloric  acid  respectively.  The  result  is  identical ; 
mt  in  this  case  the  salts  must  be  introduced  into  the  acid 
Q  a  finely  powdered  state,  and  stirred  with  a  glass  rod, 
^  order  that  they  shall  dissolve,  and  form  aqua  regia  by 
heir  decomposition. 

A  few  operators  ungild  small  trinkets  by  a  more  or  less 
protracted  immersion  in  the  acid  mixtures  for  bright  or 
L^d  dipping;    but   they  spoil  their  acids  and  lose  the 
Id, 
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For  large  objects,  such  as  clocks,  mantel  ornaments, 
chandeliers,  etc.  (and  also  for  smaller  articles),  a  good 
mode  of  procedure  is  the  following  (Fig.  108) : — 


Fig.  108. 


A  glass  or  stoneware  vessel,  supporting  two  brass  ro^  ' 
is  filled  with  concentrated  sulphuric  acid  (66°  Baum^^^'* 
One  of  these  rods   is   connected  by  a  conducting  v?i^ 
with  the  last  carbon  of  a  batterv'  of  two  or  three  Butis^**, 
elements,  in  inverted  order,  and  supports,  by  means  ^ 
hooks,  the  objects  to  be  ungilded,  and  which  are  entirely 
covered  by  the  sulphuric  acid.     The  other  rod  support^^ 
also  by  means  of  a  hook,  a  copper  plate  facing  the  object"^ 
and  is  connected  with  the  last  zinc  of  the  battery.    Th^ 
current  traverses  the  sulphuric  acid,  and  carries  the  goW 
from  the  positive  to  the  negative  pole ;  and,  as  the  copper 
plate  is  not  prepared  for  retaining  the  gold,  it  falls  to  the 
bottom  of  the  bath  in  the  state  of  a  black  powder,  which 
is  afterwards  easily  recovered. 

As  long  as  the  sulphuric  acid  is  concentrated  (even 
under  the  action  of  the  galvanic  current),  it  does  not  sen- 
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ibly  dissolve  the  copper.  But  this  is  not  the  case  when 
t  becomes  diluted  with  water ;  and  as  it  rapidly  absorbs 
itmospheric  moisture,  the  vessel  in  which  it  is  contained 
ihould  be  kept  hermetically  closed  when  the  "  stripping" 
3rocess  is  not  in  active  operation.  The  pieces  to  be 
'  stripped"  should  be  dry  when  introduced  into  the  acid. 

For  removing  gold  from  old  or  imperfectly  gilded  arti- 
cles, Napier,  and  also  Watt,  directs  the  articles  to  be 
3laced  in  (pure)  strong  nitric  acid,  to  which  some  common 
»alt  in  crystals  is  then  added.  By  this  method,  it  is 
iffirmed,  gold  may  be  removed  from  any  metal,  even  from 
ron,  without  injuring  it  in  the*  least.  This  method  is  no 
loubt  an  effective  one,  but  will  require  close  watchfulness 
)n  the  operator's  part  to  prevent  the  solution  of  the  under- 
ying  metal.  We  give  the  several  related  methods  of 
Roseleur,  in  which  sulphuric  acid  is  used,  the  preference. 

When  we  intend  to  sacrifice  the  gilded  articles  of  cop- 
ier or  silver,  it  is  sufficient  to  let  them  remain  in  pure 
litric  acid,  which  dissolves  all  the  metals  except  the  gold, 
vhich  either  floats  on  the  surface  of  the  acid  as  a  metal- 
ic  film,  or  falls  to  the  bottom  as  a  blackish  powder.  If 
;hen  the  liquid  be  diluted  with  distilled  water  and  fil- 
:ered,  all  the  gold  will  remain  on  the  filter,  and  the  solu- 
;ion  will  contain  the  other  metals. 

We  shall  give,  at  the  close  of  this  work,  the  simplest 
md  most  practical  processes  for  recovering,  for  future 
use,  the  gold  saved  by  these  different  methods  of  "  strip* 
ping." 


264  GALVANOPLASTIC  MANIPULATIONS,      % 


CHAPTER  XXVIII. 

SILVERING. 

Before   the   discovery   of  the   hydroplastic   methods, 
there  were  in  the  arts  two  processes  for  silvering  metals, 
and  these  two  processes  formed  two  separate  industriesL 
Artistic  and  useful  objects  of  all  kinds  were  manufiuv 
tured  from  plated  silver ^  i.  «.,  copper  plates  coated  with 
silver.     On  the  other  hand,  articles  entirely  finished,  as 
regards  dimensions  and  shape,  were  plated  \cUf^  silver 
foil.     There  was,  it  is  true,  a  method  of  silvering  by  the 
wet  way ;  but  the  products  were,  and  still  are,  so  defi- 
cient  in  durability,  that  the  process  was  known  under  the 
•modest  title  of  Whitening  with  Silver.     We  shall,  neve^ 
theless,  examine  this  oi3eration,  which  is  still  employed 
for  whitening  certain  small  wares,  for  which  durability  is 
of  secondary  importance,  and  which  simply  borrow  the 
lustre  and  whiteness  of  silver ;  such  are  hooks  and  eye^ 
buttons,  buckles   for   suspenders,  articles   for  umbreUs- 
makers,  etc.,  which,  sooner  or  later,  return  to  the  prfau- 
tive  color  of  their  material— copper  or  brass. 
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CHAPTER  XXIX 


PLATED    SILVER. 


Plated  silver  is  obtained  by  placing:  together  a  plate 
ol  copper  of  the  first  quality,  and  one  of  silver,  after  iutro- 
ducuig  some  powdered  borax  between  them,  then  bring- 
ing them  to  a  welding  heat,  and  rolling  out.  The  two 
metals  are  reduced  and  drawn  out  about  equally  by  the 
pressure  of  the  rolls,  and  long  sheets  or  bands  of  silvered 
metal  are  thus  obt^nued.  from  which  a  great  variety  of 
articles  may  be  manufactured, 
I  The  inconveniences  of  this  mode  of  ojierutiou  are  mani- 
fold; and  we  shall  point  out  four  principal  ones:  In  the 
first  place,  a  great  quantity  of  material  is  lost,  since  we 
must  cut  out  the  objects  from  a  sheet  entirely  silvered, 
and  the  waste  retains  a  large  proportion  of  the  precious 
metal;  in  the  second  place,  the  cut  sections  are  denuded 
of  stiver,  and  these  must  be  hidden  cither  by  silvering  by 
some  other  method,  or  by  some  cither  artifice. 

The  third  inconvenience  is  the  absolute  necessity  of  era- 
ploying  pure  copper,  which  is  more  costly,  less  sonorous, 
and  nut  so  tough  as  the  alloys  of  this  metal. 

The  fourth  defect^  which  is  a  capital  one,  arises  from 
the  fact  that  the  coating  varies  in  thickness  according  to 
the  shape  of  the  object  manufactured  from  the  plate*  It 
^is  evident  that,  in  the  stamped,  beaten-out,  or  embossed 
'  parts,  the  bottom  of  a  vase  hv  instance,  tJie  silver  has  in- 
creased iu  surface,  and  therefore  that  its  thickness  is  less 
tbap  that  of  the  flat  surfaces.     Moreover,  these  raised 
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surfaces  arc  the  more  exposed  to  friction^  and  it  is  jiwt 
there  that  the  coating  of  silver  is  the  thinnest.  We  $hdU 
see  further  on  that  the  conditions  are  reversed  with  electro 
silvering:,  and  that  the  parts  in  relief  receive  a  more  abun- 
dant deposit  of  silver,  which  is  a  great  desideratum. 

The  best  plated  silver  has  one-tenth  of  silver,  and  \$ 
man u Pictured  by  uniting  to  an  ingot  of  pure  copper  weigh- 
ing 9  pounds,  another  ingot  of  pure  silver  weighing  1 
pound.  The  two  are  rolled  together  until  tlie  desired 
thickness  is  obtained.  It  is  even  possible  to  produce  a  bad 
plated  silver,  with  one-tenth  of  the  precious  metal;  for, 
should  we  roll  the  two  metals  luitil  tlie  fiiil  of  sihered 
copper  becomes,  say  y-J^  of  an  incli  thick,  the  thickne*»i»f 
the  silver  will  be  only  y^\^  of  an  inch.  Articles  manu- 
factured with  such  foil  will  possess  only  the  strength  im- 
parted to  them  by  the  lead,  mastic,  or  cement  with  which 
they  are  filled. 

The  sih'er  of  tlie  plated  metal  will  appear  bright  if  the 
rolls  are  well  pnlisbed,  and  dull  if  the  rolls  are  uniJoUshed. 

If  tlie  rolls  are  engraved  on  their  circumferences,  it  h 
obvious  that  the  de^sign  will  be  reproduced  in  relief  on 
the  rolled  plate. 

A  sheet  of  copper,  rolled  between  two  sheets  of  silver, 
mil,  of  course,  be  plated  on  both  sides. 

To  unite  the  several  parts  that  compose  an  object  of 
plated  silver,  the  only  practicable  solder^  which  does  not 
injure  the  silvering,  is  tin  solder;  and  when  the  mann- 
factured  objects  are  required  to  resist  a  certain  tempera- 
ture, chafing  dishes  for  example,  screws  or  rivets  are  era- 
ployed  to  unite  the  parts. 

When  the  silver  of  the  plated  article  became  worn  off  in 
certain  i)laces,  there  was  no  satisfactory^  method  of  remedv- 
ing  it  until  the  invention  of  the  hydroplastic  processes. 
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This  method,  as  distinguished  from  the  use  of  plated 
silver,  is  only  practised  upon  objects  already  manufactured, 
and  with  their  finished  shape ;  furthermore,  it  is  adapted 
to  all  kinds  of  copper,  bronze,  German-silver,  or  brass. 
It  is  therefore,  in  certain  respects,  superior  to  plated  silver ; 
but  it  is  very  difficult  of  execution,  and  the  silver  is  less 
adherent  to  the  metal  beneath. 

The  operation  is  conducted  as  follows : — 

After  annealing  the  articles,  they  are  thrown,  still  hot, 
into  a  bath  of  sulphuric  acid,  containing  a  small  propor- 
tion of  hydrochloric  and  nitric  acids.  They  present  then 
a  dull  and  dead  surface,  owing:  to  a  multitude  of  small 
depressions,  which  serve  as  so  many  points  of  attachment 
for  the  silver-leaf  which  is  subsequently  applied. 

The  objects,  thus  prepared,  are  firmly  attached  to  an 
iron  rod,  which  is  held  in  a  vise.  Their  temperature  is 
raised  to  about  300°  Fah.,  by  pieces  of  incandescent  char- 
coal laid  on  the  part  operated  upon,  and  removed  so  as 
to  open  the  pores  of  the  metal,  which,  on  subsequently 
cooling  and  contracting,  so  to  speak,  imprisons  the  mole- 
cules of  the  silver  applied.  The  silver-leaves  are  taken 
from  the  book  with  small  tweezers,  and  are  cut  to  the 
proper  dimensions  upon  a  cushion,  with  an  ivory  or  steel 
knife.  After  each  fragment  is  deposited  upon  the  object, 
it  is  made  to  adhere  by  gentle  pressure  with  a  soft  pad, 
and  the  operation  is  finished  by  friction  with  a  burnisher 
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of  polished  steeL  The  parts  of  silver  foil  which  do  not 
adhere  are  removed  with  a  soft  brush.  It  is  iK>ssible  in 
this  manner  to  superpose  a  large  number  of  leaves  upon 
each  other  on  the  same  object,  but  their  adherence  nill 
be  in  an  inverse*  ratio  to  their  number* 

(iold-beaters  prepare  silver  leaf  either  bright,  or  dead. 
The  latter  is  made  to  adhere  only  by  the  pressure  of  the 
pad,  and  not  by  the  biiniisher.  Tliis  dead  lustre  does 
not,  however,  equal  in  fineness  that  obtained  by  the 
battery ;  it  is  true,  however,  that  it  resists  handling-,  and 
the  action  of  deleterious  gases  in  the  atmosphere,  better 
than  the  latter. 

Articles  thus  silvered  are  burnished  only  after  the  arti- 
cle is  completely  covered ;  round  or  cylindrical  objects 
are  burnished  upon  the  lathe,  and  other  forms  by  hand* 

A  practised  eye  will  readily  ascertain  whether  an  object 
has  becm  silvered  witli  leaf,  as  the  burnisher  nearly  ahvays 
leaves  upon  the  surface  a  series  of  zones  or  stride. 

This  method  of  leaf-silvering,  at  the  present  time,  is 
employed  only  for  very  large  objects;  or  for  ecclesiastical 
ornaments,  such  as  high  chandeliers,  crosses,  holy-water 
basins,  etc, 

lioseleur  states  that  at  one  time  the  use  of  leaf  silver 
for  silvering  spoons  and  forks  was  tried  in  France,  but 
that  the  attempt  was  soon  abandoned.  The  method  of 
o^ieration,  he  describes  as  follows :  The  articles  w  ere  first 
covered  with  a  film  of  matt  silver  by  immersion,  heated, 
and  then  covered  with  leaf  silver.  The  adherence  of 
the  latter  was  obtained  by  the  pressure  of  an  iron  scratch- 
brush  striking  vertically,  and  forcing  the  silver  leaf,  as  it 
wtTC,  into  the  pores  of  the  subjacent  metal.  Biuiiishing 
by  the  usual  method  finished  the  operation.  It  w^as 
therefore  impossible  by  this  method  to  obtain  a  dead 
gmrface. 
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SILVERING  BY  SIMPLE  IMMERSION. 

Whitening. 

As  previously  remarked,  it  is  not  possible,  by  this  pro- 
cess, to  coat  copper  articles  with  more  than  a  mere  blush 
of  silver. 

The  process  is  as  follows : — 

A  certain  quantity  of  pure  granulated  silver  is  dis- 
solved in  double  its  weight  of  pure  nitric  acid.  The  solu- 
tion is  largely  diluted  with  water,  and  the  metal  separated 
as  a  heavy,  white,  curdy  precipitate  of  the  chloride,  by 
the  addition  of  common  salt,  or  hydrochloric  acid.  The 
nitrate  of  silver  has  been  entirely  decomposed  when  the 
further  addition  of  a  drop  of  hydrochloric  acid,  or  of  a 
solution  of  common  salt,  to  the  clear,  supernatant  liquid, 
does  not  produce  any  turbidity.  The  clear  liquid  is  then 
poured  off,  and  the  chloride  of  silver  obtained  is  washed 
several  times,  in  order  to  deprive  it  of  the  least  trace  of 
^id.  If  this  precipitate  is  to  be  kept  some  time  before 
use,  it  should  be  protected  from  the  action  of  sunlight,' 
which  rapidly  blackens  it. 

The  chloride  of  silver,  with  a'little  water,  is  thoroughly 
mixed  with  at  least  eighty  times  its  weight  of  finely  pow- 
dered bitartrate  of  potassium  (cream  of  tartar),  and  kept 
in  a  covered  stoneware  pot. 

The  composition  of  the  paste  used  in  this  process  is 
exceedingly  variable.  Each  operator  modifies  it  accord- 
ing to  his  fancy,  by  adding  to  the  cream  of  tartar  some 
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other  substance,  such  as  common  salt  (chloride  of  sodium), 
sulphate  of  sodium  (Glauber's  salt),  bichloride  of  mercnry 
(corrosive  sublimate),  caustic  lime,  calcined  magnesia,  etc., 
the  greater  part  of  which,  if  not  hurtful,  are  useless.  Rose- 
leur  proposes  the  following  formula,  which  succeeds  very 
well,  and  which  is  often  preferred  to  the  simple  mixture 
of  chloride  of  silver  and  bi tartrate  of  potassium. 

Pure  silver  ......         3  parts. 

Powd(Ted  cream  of  tartar     ....     250     " 

Common  salt 250     " 

A  few  spoonfuls  of  the  paste,  prepared  as  above,  are 
thro\vn  into  boiling  water  contained  in  a  copper  kettle. 
The  paste  soon  dissolves  either  completely  or  in  part, 
and  forms  the  bath  into' which  the  articles  are  dipped, 
either  with  the  aid  of  a  hook,  or  with  a  basket  of  nire 
gauze,  such  as  we  liave  indicated  in  the  chapter  on  im- 
mersion-gilding.   It  is  customary,  liowever,  to  have  another 

Fig.  109. 
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basin  of  copper,  shallow  and  perforated  with  holes,  and    | 
with  lugs  which  rest  on  the  flange  of  the  outer  kettle. 
These  lugs  permit  the  shallow  basin  to  Jbe  placed  inside 
of  the  other,  as  seen  in  Fig.  109,  so  that  the  articles  to  be 
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whitened  are  immersed  somewhat  in  the  bath.  By  means 
of  the  handles  of  this  basin,  it  can  be  removed  at  once 
with  its  contents,  without  disturbing  the  bath. 

The  articles  are  stirred  with  a  wooden  spatula ;  and  at 
each  operation  a  quantity  of  paste,  proportioned  to  the 
surfaces  to  be  whitened,  is  added. 

These  baths  do  not  work  well  when  freshly  made,  and 
they  improve  with  use.  They  acquire  finally  a  dark- 
green  tint,  due  to  the  copper  which  is  dissolved,  and  which 
takes  the  place  of  the  deposited  silver. 

The  articles  are  brightened  by  friction  with  sawdust, 
and  scarcely  ever  by  scratch-brushing. 

The  smallest  particle  of  iron,  zinc,  or  tin,  introduced 
into  the  whitening  bath,  is  sufficient  to  impart  a  red  color- 
ation to  articles  of  brass  or  copper  which  may  be  in  the 
bath. 

Iron  should  be  removed  with  the  aid  of  the  magnet ;  and 
zinc  may  be  eliminated  by  immersion  in  a  pickle  of  hydro- 
chloric or  sulphuric  acid,  neither  of  which,  when  cold, 
sensibly  attacks  the  copper  articles.     As  for  tin  and  lead, 
they  must  be  removed  by  hand. 

If,  from  some  cause,  the  operation  has  not  succeeded, 
^he  articles  are  plunged  for  a  few  seconds  into  a  boiling 
^lution  of— 

Water 1000  parts. 

Nitrate  of  silver 10     " 

Ordinary  cyanide  of  potassium      .         .         .GO     " 

This  bath,  which  retains  its  strength  for  a  long  time, 
^^tisiderably  increases  the  whiteness  of  the  deposit. 

We  shall  shortly  describe,  in  extenso^  certain  new  pro- 
c^^ses  of  whitening,  or  immersion-silvering,  which  have 
almost  completely,  and  with  advantage,  replaced  the  older 
pTocess  just  examined. 
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COLD  SILVERING  WITH  PASTE. 

Related  to  the  above,  is  the  old  process  of  cold  gilver^ 
ing  with  paste,  with  the  thumb,  cork,  or  brush,  which 
holds  an  intermediate  position  between  the  dry  and  the 
wet  methods  of  deposition.      The  results  obtained,  al- 
though not  very  durable,  are  better  than  those  by  the 
whitening  process,  and  we  are  enabled  to  repair  slight 
defe(;ts  upon  more  durable  silverings,   and   to   produce 
mixtures  of  gold  and  silver,  or  gold  and  oxidized  silver, 
upon  ^/<//i/// gilded  objects.    We  thus  avoid,  for  operations 
of  small  importance,  the  use  of  "  stopping-ofF"  varnishes. 

The  paste  employed  in  this  process  is  prepared  by 
thoroughly  grinding  in  a  porcelain    mortar,   or  with  a 

Fiff.  no. 


muUor  (Fig.   110),  and,  as  far  as  practicable,  sheltered 
from  the  light,  the  following  substances: — 

Water 

Fused  nitrate  of  silver  (or,  preferably, 

the  chloride) 

Binoxalate  of  potassium  (salt  of  sorrel) 
Bitartrate  of  potassium  (cream  of  tartar) 
Ciiloride  of  sodium  (common  salt) 
Chloride  of  ammonium  (sal  ammoniac) 


10  to  15 

parts. 

20 

80 

30 

42 
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Or,  a  simpler  mixture  of — 

Chloride  of  silver          ....  10  parts. 

Bi tartrate  of  potassium          .         .         .  20     *' 

Common  salt 80     " 

When  the  mixture  has  been  finely  pulverized  in  a  por- 
celain mortar,  it  is  triturated  with  the  muller  upon  a  plate 
of  ground  glass  until  a  particle  rubbed  between  the 
fingers  gives  not  the  slightest  granular  feeling.  The 
paste  thus  prepared  is  kept  in  a  pot  of  opaque  porcelain 
or  in  a  vessel  of  black  glass,  so  as  to  protect  it  from  the 
solar  rays,  which  decompose  it  rapidly. 

When  it  is  needed  for  use,  sufficient  water  is  added  to 
it  to  form  a  thin  paste,  which  is  applied  with  a  brush  or 
pencil  upon  the  cleansed  articles  of  copper,  or  upon  those 
gilded  by  dipping,  or  by  the  battery,  provided  that  the 
coating  be  thin  enough  to  allow  the  copper,  through  the 
coating  of  gold,  to  decompose  the  silver  paste.  The  paste 
is  allowed  to  dry  naturally,  or  with  the  aid  of  a  gentle 
heat. 

According  to  the  thickness  of  the  gold  deposit,  the 
chemical  reaction  will  be  more  or  less  decided,  and  the 
dr}'  paste  will  assume  a  pink  or  green  shade.  The  last 
named  coloration  indicates  that  a  large  quantity  of  the 
copper  has  been  dissolved,  and  that  consequently  an 
equivalent  quantity  of  silver  has  been  reduced  to  the 
metallic  state. 

The  piece  is  cleansed  from  the  adhering  salts  by  a  pro- 
longed rinsing  in  cold  water,  and  the  silver  appears  with 
quite  a  fine  dead  surface,  the  brightness  of  which  may  be 
increased  by  an  immersion  for  a  few  seconds  in  a  very 
diluted  solution  of  sulphuric  acid,  or,  preferably,  of  cya- 
nide of  potassium. 

This  silvering  bears  the  action  of  the  wire  brush  and 
of  the  burnisher  very  well;  it  may  also  be  "oxwfized," 
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a  proof  of  its  superiority  over  the  previously  described 
whitening  process. 

Should  a  first  silvering  not  be  found  sufficiently  durable, 
it  is  possible,  after  scratch-brushing,  to  apply  a  second  or 
a  third  coating. 

The  deposit,  as  we  have  said,  takes  also  upon  copper, 
but  the  silvering  is  not  so  white,  and  is  less  adherent  than 
upon  a  gilded  surface. 

This  process  is  advantageous  for  keeping  in  good  order 
the  reflectors  of  lanterns  for  vehicles,  etc. :  in  which 
case  the  paste  is  rubbed  with  a  fine  linen  ^md  upon  the 
reflector,  which  acquires  a  dull  and  leaden  appearance ; 
then,  with  another  rag.  a  thin  magma  of  Spanish-white, 
or  other  similar  substance,  is  sj^read  over  the  reflector  and 
allowed  to  dr}-.  Lastly,  a  rubbing  with  a  fine  and  clean 
linen  rag  will  restore  the  brilliancy  and  whiteness  of  the 
plated  piece. 

For  koi^ping  in  order  silver-plated  reflectors  in  general, 
and  in  particular  those  used  on  railways.  Roseleur  prefers 
the  following  method : — 

Ihepare  a  silvering  bath  of — 

^Vater 100  parts. 

Nitrato  (or  clilorid»*)  of  >ilvfr         .  .  .  5      ** 

Cyanidi'  of  potassium    .  .         .  .  .        30      <* 

Add  to  this  sufticient  Spanish-white  hcvigated  chalk),/ 
in  fine  powder,  to  produce  a  thin  magma,  wliich  should 
be  kept  in  a  well-closed  pot.  This  jwiste,  by  means  of  a 
bruslu  or  a  pad  of  old  linen,  is  spread  all  over  the  sur- 
faiT  of  the  n^rtector,  and  allowc^l  to  dry  almost  entirely, 
wlu^n  it  is  briskly  rublxHl  over  by  means  of  another  clean 
and  (hy  rag  of  old  linen.  The  silvering  produced  is  the 
bright(M-  as  the  o]>eration  is  more  frequently  repeated.  It 
is  t^\i(UMit  that  this  process  is  equally  suited  to  all  silver- 
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plated    articles,   such    as    carriage   decorations,  harness 
mountings,  etc. 

The  various  powders  or  liquids  sold  under  the  names 
of  silvering  liquid^  conservator  of  plated  silver^  CaUfornia 
iiqnor^  etc.^  and  which  are  much  used  in  coffee-houses  for 
hiding  for  a  few  days  the  wom-ofF  plathig  of  their  spoons 
and  forks,  are  nothing  else  than  the  above  paste,  dissolved 
in  a  greater  or  less  proportion  of  ordinary  or  salted  water. 

Other  liquors  sold  under  the  names  of  auropJiile  and 
argent02)7iile^  for  cleaning  old   gildings   and   silverings,        ^ 
are  simply  solutions  of  cyanide  of  potassium,  and  are 
applied  according  to  the  methods  which  have  been  indi- 
cated for  reviving  old  gildings. 


CHAPTER  XXXIII. 

SEQUEL  TO  SILVERING  WITHOUT  THE  BATTERY :    SILVERING  BY 
SIMPLE  IMMERSION — HOT — COLD. 

Silvering  hy  Immersion — Hot. 

There  are  two  processes  of  silvering  by  the  wet  way 
and  without  the  battery,  which  are  as  different  in  their 
operation  as  in  their  results.  One  of  them  is  especially 
intended  for  silvering  hooks-and-eyes,  buttons,  buckles, 
etc.,  and  is  practised,  at  the  temperature  of  ebullition,  in 
a  bath  of  the  double  cyanide  of  potassium  and  silver. 

This  bath  is  made  by  dissolving  in  a  kettle  of  enamelled 
cast  iron,  and  in  900  parts  of  water,  50  parts  of  ordinary 
cyanide  of  potassium. 

In  a  separate  vessel  of  glass,  or  porcelain,  dissolve  15 
parts  of  fused  nitrate  of  silver  in  100  jmrts  of  water. 
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This  second  solution  is  gradually  poured  into  the  firstj 
and  the  whole  is  stirred  with  a  glass  rod.  The  white  oi 
gmyisli-vvhite  precipitate  produced  at  first  is  soon  re-di 
solved,  and  the  residting  sohition  is  filtered  if  a  jierfectly 
clear  bath  be  desired.  The  bath  thus  prepared  requires 
only  to  be  raised  to  the  boihng-point  to  effect  the  imme- 
diate silvering  of  the  cleansed  copper  articles  plunged 
in  it. 

The  objects  should  be  simply  immersed  and  at  once 
withdrawn ;  a  more  protracted  immersion  will  result  in 
less  satisfactory  silvering. 

The  silvering  should  immediately  follow  the  cleansing, 
although  tlie  riusings  after  each  operation  should  be  thor* 
ough  and  compiete. 

This  bath,  wlrich  produces  a  light  but  brilliant  silvering, 
is  well  adapted  for  set  jewelry,  which  cannot  be  scratch- 
brushed  without  injury,  and  to  which  a  bright  lustre  i« 
absolutely  necessary  as  a  substitute  for  the  foil  of  burnished 
silver  placed  under  the  precious  stones  of  real  jewelry  to 
heighten  their  refractive  power  and  fire.  The  eniploy- 
nient  of  qtiicking  solution  is  useless,  and  even  injurious 
for  this  bath. 

It  has  been  demonstrated  by  experience  that  it  is  ustv 
less  to  attempt  to  keep  up  the  strength  of  this  solution, 
by  new  additions  of  cyanide  and  of  silver  salt;  a  bath 
thus  reinvigorated  gives  results  far  inferior  to  those  of  the 
first  solution.  The  bath  should,  tliercfore,  be  worked  out 
as  long  as  the  silvering  is  satisfactory,  and  when  exhausted 
added  to  the  waste.  Many  manufacturers  w*h6  follow  this 
process  use  a  battery  and  a  soluble  anode  in  order  to  oh- 
tain  a  more  durable  deposit;  but  this  mode  of  operatiou 
is  no  longer  a  simple  innnersion,  and  is  properly  an  elec- 
tro-silvering process,  wliieh  will  be  examined  further  oil 

A  few  immersion  silver-platers  formerly  used  a  solution 
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which,  when  boiling,  produced  a  very  fine  dead  or  partly 
dead  silver  coating,  upon  copper  cleansed  according  to 
the  methods  indicated  at  the  beginning  of  this  work. 

They  prepared  their  bath  by  dissolving  with  the  aid  of 
heat,  in  a  well-scoured  copper  kettle — 

Distilled,  or  rain  water          ....  500  parts. 
Ferrocyanide  of  potassium  (yellow  prussiate 

of  potassa) 60     " 

Carbonate  of  potassium  (pearl  ash)        .         .  40     ** 

And,  when  the  liquid  was  boiling,  they  added  the  well- 
washed  chloride  obtained  from  30  parts  of  pure  silver. 
The  bath  thus  prepared  should  be  boiled  for  about  half 
an  hour,  and  filtered  before  using.  By  this  method, 
part  of  the  silver  becomes  deposited  upon  the  copper 
kettle,  and  should  be  removed  when  a  new  bath  is  pre- 
pared. This  inconvenience  is  probably  the  cause  of  the 
abandonment  of  this  process,  for  Roseleur  affirms  that  he 
knows  of  no  method  of  silvering  in  vogue  to-day  that 
yields  more  beautiful  results. 

All  the  baths  for  silvering,  which  contain  a  great  excess 
of  cyanide  of  potassium  relatively  to  the  proportion  of 
the  silver  salt,  will  silver  well,  by  immersion,  even  in  the 
cold,  copper  articles  properly  cleansed  ;  whereas  this  pro- 
perty diminishes  in  proportion  to  the  increase  of  the 
amount  of  silver  in  the  bath. 

The  manufacturers  of  small  articles,  partly  copper  .and 
partly  iron,  such  as  those  used  for  harness-mountings  and 
carriage  ornaments,  employ  a  particular  process  of  silver- 
ing, and  their  bath  is  composed  of — 


Water  (pftre) 

.     i)00  partJ 

Caustic  potassa     .... 

16     ** 

Bicarbonate  of  potassium 

.       10     " 

Cyanide  of  potassium 

6     *' 

JSfitrate  of  silver  (fused) 

2     *' 
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The  cyanide,  caustic  potassa,  and  bicarbonate  are  dis-, 
solved,  in  an  enamelled  cast-iron  kettle,  in  400  parts  oi 
water,  and  then  the  nitrate  of  silver,  separately  dissolv 
in  the  remaining^  quantity  of  water,  is  added  to  the  firstl 

For  the  silvering!:  operation  proper,  a  lot  of  articles  are 
cleansed,  thoroughly  rinsed,  and  put  into  a  small  euanielled  i 
kettle.  Enough  of  the  silver  bath  is  poured  in,  to  cover  I 
the  articles  entirely,  and  the  whole  is  brought  to  a  boii^^ri 
for  a  few  seconds,  and  stirred  witli  a  w^ooden  ^patida.™ 
^Vlien  the  silvering  appears  satisfactory  the  liquid  em- 
ployed is  added  to  the  spent  liquors,  so  that  the  same^ 
liquid  is  ne^  er  used  for  two  batches  of  articles.  This  pr' 
cess  furnishes  a  somewhat  durable  dead  silvering,  and  of 
a  more  or  less  grayish-white,  wliich  is  increased  in  white- 
ness and  briglitness  by  soap  and  burnishing.  In  this 
manner  small  buckles,  buttons,  materials  for  window 
shades,  and  carnage  nails  are  silvered. 


4 

s 


Silvering  hj  Simple  Immersion  (Cold). 

This  process,  although  more  convenient,  and  furnishing 
a  better  and  more  durable  silvering  than  the  other  pro* 
cesses  l>y  simple  immersion,  is  very  little  used.     Never- 
theless, lloseleur  recommends  it  higlily,  on  which  account] 
we  reproduce  it  in  full 

This  process  is  the  more  convenient,  because  the  bath 
is  used  cold  and  is  therefore  always  ready  for  use,  and 
also  becinise  it  does  not  require  weighing  in  preparing 
and  maintaining  it.  ^ 

The  deposit  is  the  finer  and  more  unalterable,  because  ^^ 
only  chemically  pure  silver  is  deposited,  without  any  mix- 
ture of  subsalts,  as  is  the  case  with  the  other  baths,  the 
products  of  which  sooner  or  later  become  yellowish.  It 
is  also  the  more  durable,  because  tlie  deposit,  although 
without  the  aid  of  electricity,  may  be  made  nearly  as  thick  I 
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as  desired,  and  in  the  direct  ratio  to  the  duration  of  the 
immersion.* 

*  This  last  assertion  is  in  direct  contradiction  to  the  general  theory 
of  deposition  by  simple  immersion,  which  holds  that  the  metal  depo- 
Bited  is  replaced  in  the  solution  by  an  equivalent  of  the  immersed 
metal,  which  continues  to  dissolve  as  long  as  it  is  not  entirely  covered 
by  the  deposited  metal. 

To  account  for  this  apparent  conflict  of  theory  and  practice,  Rose- 
leur  offers  the  following  ingenious  and  rational  explanation  of  this 
phenomenon.  We  have  seen  that  when  an  article  of  iron  is  plunged 
into  a  solution  of  sulphate  of  copper,  part  of  the  iron  is  dissolved  as 
sulphate  of  iron,  while  an  equivalent  proportion  of  copper  is  separated 
from  the  solution  and  coats  the  iron.  In  the  same  manner  when  we 
plunge  an  object  of  copper  into  a  bath  of  double  cyanide  of  silver  and 
potassium,  part  of  the  copper  is  dissolved  and  forms  a  double  cyanide 
of  copper  and  potassium,  while  an  equivalent  proportion  of  silver  is 
deposited  upon  the  remaining  copper.  In  either  case,  the  exchange 
is  arrested  as  soon  as  the  copper  is  coated  with  a  continuous  layer  of 
silver,  which  prevents  the  solution  of  the  underlying  metal. 

The  same  phenomenon  takes  place  at  first,  during  the  operation  of 
cold  silvering  by  the  double  sulphite  of  sodium  and  silver,  and  an  equiva- 
lent proportion  of  double  sulphite  of  sodium  and  copper  is  formed.  But, 
afterwards,  another  and  a  different  reaction  sets  in,  by  which  the  silver 
deposit  continues  to  increase  in  thickness,  without  any  further  solution 
of  copper,  and  this  is  due  to  certain  chemical  changes  of  tlie  component 
parts  of  the  bath. 

To  understand  these  changes  it  will  be  necessary  to  explain  that 
silver  has  very  little  affinity  for  either  sulphurous  acid  or  oxygen,  and, 
on  the  other  hand,  that  sulphurous  acid  possesses  a  great  tendency  to 
become  sulphuric  acid  by  taking  up  more  oxygen.  In  such  a  bath, 
therefore,  silver  will  continue  to  be  deposited,  being  separated  in  the 
metallic  state  by  the  reducing  action  of  the  sulphurous  acidy  without 
the  solution  of  any  more  copper  to  take  its  place  in  the  bath.  This  is 
proved  by  the  fact  that  if  a  bath  of  this  kind  be  allowed  to  remain  in 
a  glass  vessel,  it  will  be  slowly  and  spontaneously  decomposed,  and 
will  silver  the  glass  itself.  The  sulphuric  acid  formed  reacts  upon  a 
portion  of  the  undecomposed  sulphide  of  sodium,  sets  free  an  equivalent 
of  sulphurous  acid,  which  maintains  the  bath  in  the  state  of  bisulphite, 
while,  at  the  same  time,  an  equivalent  of  sulphate  of  sodium  is  formed, 
which  does  not  interfere  with  the  silvering  process. 
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This  bath  is  formed  of  bisulphite  of  sodium,  to  which  is 
added  a  salt  of  silver,  preferably  the  nitrate,  until  it  begins 
to  be  dissolved  witli  diffindty.  It  is  therefore  with  a 
douhle  sulphite  of  sfytUtnn  tind  silver  that  the  cold  silvering 
by  immersion  is  effected.  It  is  evident  that  the  bisul- 
phites of  potassium,  ammonium,  and  other  alkalies,  may 
be  substituted  for  the  bisuli>hitc  of  sodium,  but  tlie  latter 
is  to  l>e  preferred,  lx!cau?>e  its  preparation  is  cheajier, 
easier,  nnd  better  known. 

Hoseleur  reeoramends  the  frTilowing  method  for  the 


PItEPAKATION  OF  BISULPHITK  OF  SOlUt^M  FOIl  COLD  SILVERING. 

Into  a  tall  vessel  of  glass  or  porcelain  (Fig.  Ill)  intro- 
duce— 


Waier  ■         •         •         .         . 
Crv-^tiiniz«?d  ciirbonttle  ot'sodhnii 


4tiO      •-* 


and  pom*  mercury,  about  an  inch  or  so  deep,  into  the  bot- 
tom of  the  vessel,  so  that  the  glass  tube  conveying  the  sul- 
phurous acid  gas  dips  into  it.  The  object  of  this  artifice 
is  to  prevent  the  clogging  of  the  delivery  tube  by  the  cry- 
stals formed  during  the  operation.  Then  rig  up  an 
apparatus  for  the  production  of  sulphurous  acid,  as  indi- 
cated in  the  chapter  on  Chemical  Products,  and  pass 
the  washed  ^as  through  the  vessel  containing  the  car- 
bonate of  sodium.  A  part  of  this  salt  becomes  transformed 
into  sulphite  of  sodium,  whicli  dissolves,  and  a  part  is  pre- 
cipitated as  bicarbonate.  The  hitter,  however,  is  trans- 
foniird  into  sulpliite  of  sodium,  by  the  continued  action  of 
sulphurous  acid,  and  carbonic  acid  gas  escapes  with  effer- 
vescence. 

AVhen  all  has  l>cconie  dissolved,  the  passage  of  sul- 
phurous acid  should  be  continued  until  the  liquid  slightly 
reddens  blue  litmus  paper,  and  then  allowed  to  stand  aside 


I 
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for  twenty-four  hours.  At  the  end  of  that  time,  a  certain 
quantity  of  crystals  will  be  found  upon  the  mercury,  and 
the  liquid  above,  more  or  less  colored,  constitutes  the  bi- 
sulphite of  sodium  of  the  silvering  bath.     The  crystals 


Fisr.  111. 


are  separated  from  the  mercury,  drained,  and  kept  for 
gilding  baths.     They  are  not  suitable  for  silvering. 

The  liquid  bisulphite  of  sodium  thus  prepared,  should 
be  stirred  with  a  glass  rod,  in  order  to  eliminate  the  car- 
bonic acid  which  may  still  remain  in  it. 

The  liquid  should  then  be  again  tested  with  litmus 
paper ;  and  if  the  blue  color  is  strongly  reddened,  carbo- 
nate of  sodium  is  cautiously  added  little  by  little  in  order 
to  neutralize  the  excess  of  sulphurous  acid.  On  the  other 
hand,  if  red  litmus  paper  becomes  blue,  too  much  alkali 
is  present,  and  more  sulphurous  acid  gas  must  be  passed 
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through  the  liquid,  which  is  in  the  best  condition  for  our 
work,  when  it  turns  Htm  us  paper  violet  or  slightly  red. 
This  soluHon  should  mark  from  22^  to  26^  Bautn6,  and 
should  not  come  in  contact  with  iron,  zinc,  tin,  or  lead. 

PREPARATIOf^  or  THE  (COLD)  StMPLE^lMMERSIOX 

SILVERING  BATH. 

A  vessel  of  stoneware,  glass,  or  porceLain  is  al>out  three^ 
fourths  tilled  witli  tiie  liquid  bisulphite  of  sodium,  and 
moderately  concentrated   solution  of  nitrate  of  silver  in 
distilled  water  is  gradually  added,  while  the  bath  is  con- 
tinually stirred  witli  a  glass  rod. 

By  the  contact  of  the  two  liquids,  a  white,  flocculent 
precipitate  of  sulphite  of  silver  is  produced,  which,  with 
the  aid  of  stirring,  is  dissolved  by  the  bisulphite  of  sodium, 
with  tlie  formation  of  the  double  sulphite  of  sodium  and 
silver.  The  silver  solution  is  added  as  long  as  the  pre- 
cipitate readily  disappears,  and  is  stopped  when  it  begins 
to  dissolve  with  difficidty.  f 

Roseleur  is  authority  for  the  declaration  that  in   this 
state  the   hath  is  always  ready  to   work,  and  produces^ 
almost    instantaneously,    a    magnificent    silvering    upon™ 
coppt*r,  bronze,  or  bmss  articles  which  have  been  thor- 
oughly cleansed  and  '■  quicked,"  although  this  last  open 
tiou  is  not  absolutely  necessary. 

He  atfirms  that  we  may  obtain  with  this  hath,  and" 
according  to  the  length  of  time  of  the  iuimersion — 

1.  A  very  fine  whitening  by  silver,  which  is  as  cheap 
as  any  of  the  previously  described  processes; 

2.  A  bright  silvtn-iug   sufficiently  durable,  and  esp 
cially  adapted  for  jewellers'  uses  ; 

3.  A  dead  silvering  still  more  durable,  for  a  multitude 
of  objects,  without  the  aid  of  electricity,  and  in  the  cold. 

In  the  measure  that  the  silver  of  the  bath  becomes 
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impoverished,  it  is  made  good  by  additions  of  nitrate  of 
silver;  but  when,  as  will  happen  in  the  course  of  time, 
the  proportion  of  bisulphite  present  is  no  longer  suffi- 
cient to  dissolve  the  silver  salt,  it  becomes  necessary  to 
add  some  bisulphite  of  sodium  to  restore  the  bath  to  its 
primitive  state.  Roseleur  has  used  the  same  bath,  now 
and  then  reinvigorated  by  additions  of  bisulphite  of 
sodium,  or  of  nitrate  of  silver,  for  five  consecutive  years, 
for  silvering  trinkets,  etc. ;  and  in  this  same  bath  as 
many  articles  were  daily  silvered  as  a  man  could  conve- 
niently carry,  and  at  prices  varying  from  five  cents  to  one 

dollar  per  pound. 

The  silver,  which  is  slowly  deposited  upon  the  sides  of 

the  vessel,  may  be  easily  dissolved  in  nitric  acid  for  future 

use. 

Roseleur  lays  special   stress  upon   the   process,   and 

recommends  it  to  his  confreres  with  the  conviction  that 

it  will  probably  eventually  replace  all  the  other  known 

methods.  • 

ADDITIONAL  FORMULA  FOR  DIRECT-  OR  IMMERSION-SILVERING. 

The  foregoing  formulae  for  silvering  without  the  aid  of 
the  battery,  may  be  varied  considerably  without  noticeably 
aflFecting  the  quality  of  the  work.  Thus,  for  a  thin  sil- 
vering adapted  for  such  small  articles  as  pins,  buttons, 
buckles,  hooks-and-eyes,  clock  faces,  barometer  and  ther- 
mometer plates,  and  many  other  articles  of  copper,  brass, 
etc..  Gore  {Electro-Metallurgy^  152  et  aeq.)  gives  the  fol- 
lowing formulae: — 

1.  Chloride  of  silver  and  bitartrate  of  potassium,  equal 
parts. 

2.  Chloride  of  silver,  1  part ;  alum,  2  parts ;  common 
salt,  8  parts ;  and  cream  of  tartar,  8  parts. 
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3.  Cliloride  of  silver,  1  part;  prepared  chalk,  l^ 
common  salt,  l{  parts;  and  pearl  ash,  3  parts. 

Those  sohitions  are  used  by  adding  a  small  qunntitri 
water,  snflirient  to  form  the  ingredients  into  a  paste  of 
the  consistency  of  cream,  and  the  articles  are  eitluT 
thoroughly  stirred  about  in  it,  or  rubbed  over  with  it  imtil 
they  have  become  sufficiently  whitened. 

A  "•  novargent''  solution,  described  by  the  same  author, 
and  wliich  is  proposed  for  the  n  plating  of  old  plated 
wares,  consists  of  hyposulphite  of  sodium,  100  part?*,  aiiJ 
the  chloride  (or  any  other  salt)  of  silver,  15  parts. 

Watt  {Eieciro-Meialbiryf/,  152  et  seq*)  refers  to  the  la.^t* 
named  liyposulpliite  sololion  as  a  very  useful  one  for 
plating  with  either  silver  or  gold  without  the  battery. 
He  employs  it  for  coating  small  articles  of  steeh  brass,  or 
trerman-silver,  by  simply  dipping  a  sponge  in  the  solution^ 
and  rubbing  it  over  the  surfoce  of  the  article  to  be  eoatni 
He  affirms  that  this  procedure  yields  a  very  satis! actoij 
and  firndy  adlierent  coating  on  steel.  He  recammeiidsj 
solution  of  golil  prepared  and  used  in  the  same  manner  J 
direct  gilding.  For  coating  parts  of  articles  that  ha 
stripped  or  blistered,  he  applies  a  conceniraitd  solution  \ 
either  gold  or  silver,  made  in  the  same  way,  to  the 
with  a  cameFs-hair  brush,  touching  it  at  the  same  tin 
with  a  clean  strip  of  zinc. 

Urqnliart  {Eledro-PkUing^  116  et  seqj)  for  the  thin 
vering  of  small  articles,  mixes,  to  a  thin  cream  in  water 
the  chhu'lde  of  silver  with  the  addition  of  some  comiuq 
salt.     He  applies  the  mixture  to  the  previously  wet 
articles  with  a  piece  of  cork,  or  a  rubber  made  of  a 
upon   a  wooden    handle.     Wlien    sufficiently   whitene 
the  article  should  be  washed,  dried   in  sawdust,  anc 
possible,  varnished. 

Another  solution,  recommended  as  yielding  a  bet 
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coating  and  more  readily,  is  made  of  chloride  of  sil- 
ver, 1  part;  washing  soda,  3  parts;  common  salt,  IJ 
parts ;  mixed  together  with  a  little  warm  water  to  the 
consistency  of  thin  cream.  This  mixture  improves  with 
use,  and  may  be  replenished  as  it  is  found  necessary 
by  adding  a  little  chloride  of  silver  thereto.  In  car- 
ry'mg  out  these  operations,  the  strictest  cleanliness  must 
be  observed,  and  the  fingers  are  in  no  case  to  be  used  to 
apply  these  mixtures,  for  which  purpose,  in  addition  to 
the  suggestions  above  named,  soft  tooth  brushes,  pads  of 
cotton,  or  sponge  are  well  suited. 

For  direct  silvering,  Adrielle  (Winckler,  Handh.  d. 
2Ietalluherzugen^  98  et  seq.)  dissolves — 

Metallic  silver 20  parts, 

in  Nitric  acid  .         .         .         .         .         .       40     ** 

At  the  same  time  he  prepares  a  solution  of — 

Cyanide  of  potassium 200  parts, 

in  Water 2500     *' 

He  then  mixes  the  two  solutions,  and  stirs  into  the 
^ame,  40  parts  of  precipitated  chalk.  This  mixture,  which 
'Serves  as  his  silvering  liquid,  is  directed  to  be  kept  in 
Hasks  of  blue  glass,  because  of  its  disposition  to  decom- 
pose under  the  influence  of  sunlight.  It  is  called  by  the 
patentee  "argentine  water."- 

In  using  this  liquid  for  silvering,  it  should  first  be 
thoroughly  shaken  up  to  properly  distribute  the  chalk, 
and  one  part  of  the  liquid  used  should  be  mixed  with  two 
parts  of  water.     The  articles  are  rubbed  with  this  mix- 
ture, with  the  aid  of  linen  pads  saturated  with  it.     When 
they  appear  sufficiently  whitened,  they  are  brightened 
with  dry  chalk,  then  washed  in  water  and  dried.     More 
durable  silvering  will  be  obtained  if  this  liquid  is  used 
with  less  water. 
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Eisner  proposes  {LI.  99)  the  following  procedme  for 
immersion  silvering :  He  dissolves — 

Chloride  of  silver T^parte, 

in  Aqua  ammonia    .         .  .         .  .  .       GO      " 

and  prepares  another  solution  composed  of^ — 

Cyanide  of  pota>iflium 87^  parts. 

Carbonate  of  sodium  (cryst.)         .         .         .  37J    ** 

Chloride  of  sodium  (common  salt)          .         .  15      ** 

Hot  distilled  water 1000      " 

These  two  solutions  are  mixed,  preferably  in  a  large 
porcelain  dish,  boiled  for  a  quarter  of  an  hour,  and  the 
resulting  liquid,  after  filtration,  constitutes  his  sihering 
bath.  The  articles  to  be  silvered,  after  proper  prepaid' 
tion,  are  dipped  for  a  few  minutes  into  this  liquid  at  the 
hoiling  pointy  thoroughly  washed  and  dried. 

Kuhn's  (Id.  99)  immersion-silvering  liquid  is  com' 
posed  as  follows : — 

Nitrate  of  silver 2  pnrtfl. 

Sal  ammoniac 1  imrt. 

Hyposulphite  of  sodium         ....         4  [uirtii. 

Precipitated  chalk 4    " 

Water "      .  50    ** 

This  mixture  is  freslily  prepared  as  rapidly  as  it  is 
used,  and  is  rubbed  upon  tlie  articles,  cold,  in  the  manner 
above  indicated. 

Stein  (Id.  114)  triturates  to  an  impalpable  powder  in* 
porcelain  moitar,  a  mixture  of — 

Nitrate  of  silver 1  j>art, 

Cyanide  of  potassium 3  parts, 

then  adds  sufficient  distilled  water  to  the  dry  powder  to 
form  a  thin  paste,  and  brings  this  upon  the  articles  with 
the  aid  of  a  woolen  pad.  As  soon  as  the  articles  appear 
to  be  sufficiently  silvered,  they  are  washed  and  dried  with 
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a  soft  linen  rag.  The  above  proportion  of  cyanide  should 
not  be  varied,  since  if  more  is  used  the  deposited  silver 
will  be  redissolved,  or  if  less  is  used  it  will  have  a  gray- 
ish color.  The  addition  of  common  salt  does  not  appear 
to  act  well ;  nor  does  the  chloride  of  silver  appear  as  well 
adapted,  according  to  Stein,  as  the  nitrate.  He  recom- 
mends this  procedure  particularly  for  the  direct  silvering 
of  polished  articles  of  copper  or  brass. 

Landois  {Id.  115)  prefers,  for  direct  cold  silvering,  a 
solution  prepared  by  dissolving  cyanide  of  silver  in  a  con- 
centrated solution  of  common  salt,  and  filtering.  Clear 
surfaces  of  copper  or  brass  are  quickly  coated  with  metal- 
lic silver  on  being  immersed  in  this  liquid,  and  the  de- 
posited silver  is  said  to  be  very  adherent.  The  subse- 
quent operations  are  the  same  as  above  described. 

The  formulae  for  direct  silvering  might  be  almost  indefi- 
nitely multiplied,  but  those  above  described  comprise  all 
that  are  sufficiently  important  to  warrant  their  insertion 
in  this  work.  The  numerous  miscellaneous  receipts  that 
we  have  hot  deemed  it  worth  while  to  admit,  are  simply 
modifications  of  those  above  described. 


CHAPTER  XXXIV. 

ELECTRO-SILVERING. 

AVe  have  now  arrived  at  the  most  important  part  of 
^^i"  subject — that  which  has  created  as  great  a  revolution 
^^  Our  domestic  customs,  as  in  the  artistic  working  of  the 
Petals. 

^Vithout  tarrying  among  the  various  formulae  given  by 
^ndry  inventors,  for  electro-silvering  baths,  we  shall  de- 
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scribe  one  whkh,  for  a  long  time,  has  held  the  place  uf  ac- 
knowledged siii>eriority.     It  is  coraposed  of — 


Water  .         ,         .         . 

Cyaniile  of  pota68ium>  pure* 
Pure  silver  ,  .  .  . 


1000parl«. 
50     " 
2o    ^ 


This  bath  is  prepared  as  follows: — 
L  A  porcelain  dish    or  capsulct  of  the  capaciijofi 
quart,  receives — 


Pure  gninulnled  silver  , 

Pure  nitric  aci<l  of  40^  Biitmie 


25  parttt. 
i>0     ** 


The  whole  is  heated  over  a  charcoal  furnace,  or  ga» 
lamp,  the  dish  being  supported  upon  an  iron  triangle,  and 
protected  by  a  strip  of  wire-gauze  from  direct  contact  with 
the  flame. 

The  acid  rapidly  attacks  and  dissolves  the  silver  with 
the  production  of  abundant  nitrous  vapors,  which  one 
should  be  careful  not  to  inhale.  ^\  hen  the  rtdiiyi 
A'apors  have  disappeared,  there  remains  in  the  dish  a  liq^ui 
more  or  less  greenisli,  bluish,  or  colorless,  according  ^ 
the  proportion  of  copper  contained  in  the  commercid 
silver  enii>hjyed,  whicli  is  seldom  entirely  pure. 

The  licat  is  then  increased  in  order  to  evaporate  thf 
excess  of  acid^  which  escapes  in  the  form  of  white  fui«^ 
The  material  in  the  dish  dries,  swells  up,  and,  with  a  f"^' 
ther  increase*  of  heat,  fuses  like  w^ax. 

The  dish  is  then  removed  from  the  fire,  and,  protect"*? 
the  hands  with  a  cloth,  the  fused  mass  is  made  to  i^ 
upon  the  sides,  where  it  soon  solidifies. 

*  As  we  linve  previouhly  rt^mnrked,  tlie  cfiemieal  comfjoaitiou  ^^  1 
comtnereijU  cyaiiidd  of  pota*i*inm  h  exi^eedin^ly  viirinble.  Tlie  fiiciW  I 
with  whicii  nmny  foN^ign  substances  tuny  hv  incorporated  with  ti<lur»iit1 
ir»  pre|iumtJon»  t^xpluini^  wliy  many  commercial  cyanide-  d<.  nnt  c<)fl' | 
tnin  mui^  llian  25  or  30  per  cent,  of  llie  i-eal  article* 
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"We  have  thus  ol) tain cd  the  fused  nitrate  of  silver  (hmar 
iistic),  which  is  more  or  less  whit^,  or  gray,  according  to 
e  purity  of  the  silver  employed, 

AVhen  the  whole  isqnite  cool,  the  dish  is  turnt^d  upside 
own  upon  a  clear  sheet  of  paper,  and  by  a  gentle  tap  on 
e  sides,  the  mass  is  detached, 

2.  The  nitrate  of  silver  is  dissolved  in  ten  or  fifteen 
5mes  its  weight  of  distilled  water,  and  treated  with  a 

ten  per  cent,  solution  of  pure  cyanide  of  potassium  (Rose- 

leur  suggests  the  use  of  hydrocyanic  (prussie)  acid),  which 

mediately  produces  an  abundant  white  precipitate  of 

anide  of  sUver,     A  sufficiency  of  the  reagent  has  heen 

ployed,  when,  aftc^r  allowing  the  precipitate  to  subside, 

le  addition  of  another   drop  to    the  clear  supernatant 

liquid  produces  neither  turbidity  nor  precipitate. 

The  whole  is  then  thrown  upon  a  linen  filter  stretched 
>pon  a  wooden  frame,  and  the  cyanide  of  silver  remains 
n  the  cloth,  while  tlu:^  nitric  arid  and  the  excess  of  cya- 

Sde  pass  through.     The  precipitate  left  upon  the  filter 
washed  two  or  three  times  with  pure  water. 

3.  The  cyanide  of  silver  thus  prepared  is  placed  in  the 
ssel  intended  for  the  batlu  and  stirred  into  the  1000 

fci^  of  water  prescribed  in  the  formula.  The  cyanide  of 
►tossium  is  then  added,  which,  after  solution,  also  dis- 
»vcs  the  cyanide  of  silver.  The  silvering  bath  is  there* 
f t5  a  solution  of  (he  double  cyanide  of  pota&mum  and 

deferring  to  the  proper  mode  of  preparing  the  eleetro- 
"Vering  bath,  lloseleur  remarks  that  operators  on  a 
^^11  scale,  in  order  to  render  the  operation  more  rapid, 
^cjuently  sidistitnte  the  nitrate,  or  the  chloride  of  silver, 
^^  the  cyanide.  This  mode  of  operation  is  not  economic 
**1  in  the  long  run,  since,  after  having  maintained  the 
WtCTigth  of  their  baths  with  such  materials,  these  baths 
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will  bocomo  loaded  with  cliloride  of  potassium,  or  nitrate 
of  potassium,  and,  becoming  too  dense,  will  not  be  readilj 
traversed  by  tlie  electric  current.  Moreover,  in  ttW 
weather,  these  siilts  will  crystallize  upon  the  immeisfti 
articles,  and,  as  silver  will  not  be  dejwsited  upon  these 
crystals,  the  silver  coating  will  be  marred  by  spots  whicl 
cannot  be  removed  by  burnishing  it,  and  the  operatioii 
will  have  to  be  In^gmi  anew. 

In  this  connection,  we  will  recall  the  fact  that  Bose* 
leur,  in  the  preparation  of  his  double  cyanide  elect* 
gilding  solution,  uses  the  Siime  method,  to  which  hew? 
projK^rly  hen^  objtrts,  in  the  preparation  of  the  eledi^ 
gilding  solutiim  (see  jxiges  •2(U-'2t).">  of  this  wort  and 
our  remarks  on  jxige  ^209). 

We  should  say,  nevertheless,  that  amateurs  or  ope* 
tors  who  employ  small  baths,  ot\en  revivifieil.  maysutefr 
tuto  for  tlio  c\anido  of  silver  the  chloride,  on  better  ^ 
the  nitrate  of  this  moral.  l>ut,  in  riie  latter  case.Ae 
OiUantity  of  ojaiiide  of  iH^rassium  should  t^  increasei 
Such  Kuhs  will  Ik*  pn^'^xirtxl  as  follows: — 

1.  The  nitrate  of  silver  :<  prt  jWrixl  :::  the  manner  infr 
catcvl  alvne.  ar.ii  l^  ]vir:s  of  it  r.^arly  e\;ii:il  ro  10  p** 
of  pur\"  silver"*  ar^^  dissohw;  ir.  l'^'»0  :v;rts  of  inrer. 

:?.  The  lyani^io  of  -vta^^i:;-:    ,V -^  -  aSout  i5 
is  the:;  avuitv,  to  t::e  aV'0^ '.  solv.ti . :.. 

Ai^cr  stirri::^  to  :Vili:a:^  ^ ;::::'::.  >■ /iutic::.  theli5«'i 
is  fcltcrvvl,  i:;  o:v;-:r  to  s^'A-r.itc:  t\-.  :r  :.  •,  i.rjintxi  in^ 
oaitivi-:.      This    0">:r.\:i:v..    :.  '^•:'»-:r,    is    v.,-^   4>!«i 


»,.v.   ...;. 


lu  tius  ca^:,  it  ^ ill  *>;  :..  t :>:•,:.  '•  -;    1:.. *■  -:    xlr  Wp 
c:  s-Vii  tvr  I«V»s^  .:"  ^^.it::;   1  .:  t   >  :s    :.   ^  fcr^l 


n.irv  v*.~.vrH:s.     l\i  tlv:   ::1.:7  .....;..  >  :-.  -2«^  Art 
pl::tcr>  ^riuyl^y  :i:.::l;  :;:::-:  lu:::-.    ::.-i::^  ip  »  * 
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\>arts  of  metal  per  1000  of  water,  but  an  average  of 

ftom  20  to  25  parts  furnishes  very  good   and  uniform 

Results. 
The  proportion  of  cyanide  of  potassium  employed  is 

ttiuch  more  than  is  required  for  dissolving  the  indicated 
^'^lantity  of  silver,  since  1^  parts  of  good  cyanide  is  rather 
'^lore  than  sufficient  for  1  part  of  silver ;  but  experience  de- 
monstrates that,  unless  there  be  an  excess  of  cyanide  of 
Potassium,  the  baths  do  not  conduct  electricity  well,  and 
'^^e  deposit  of  silver  is  granulated,  striated,  and  irregular. 
het  necessity  of  the  presence  of  free  cyanide  in  electro- 
■^Icling  and  silvering  baths  has  been  fully  explained  in 
Iiapter  XXVII.,  page  256  et  seq,^  to  which  the  reader  is 
^ferred. 

The  operation  is  effected  with  the  current,  and  with 
^tHs,  either  warm  or  cold.  The  latter  method  is  gener- 
^*y  adopted  for  articles  which  require  great  solidity. 
-h^e  hot  process  is  employed  for  small  articles,  although 
is  preferable  also  for  steel,  iron,  zinc,  lead,  and  tin, 
'*>ich  have  been  previously  electro-coppered. 

"The  hot  electro-silvering  baths  are  generally  kept  in 
^^tnelled  cast-iron  kettles,  and  the  articles  are  either  sus- 
l^'nded,  or  moved  constantly  about  in  them.  The  pre- 
^^^inary  operations  of  cleansing  in  acids  and  passing 
^X'ough  "  quicking"  solution  are  necessary.  A  somewhat 
'^^rgetic  current  is  needed,  especially  when  the  articles 
^^^  moved  about,  in  order  to  operate  rapidly.  The  cur- 
^^^t  is  too  strong,  when  the  articles  connected  with  the 
^^gative  electrode  become  gray  or  black,  or  produce  an 
*  '^xindant  disengagement  of  gas  bubbles. 

In  the  hot  silvering  baths,  the  separate  battery  is  often 
^^"placed  by  the  use  of  a  zinc  wire  wrapped  around  the 
^^cles.     The  points  of  contact  of  the  two   metals  are 

^ften  black  or  gray,  but  the  strain  rapidly  disappears  by 
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plunging  the  object  into  the  bath  for  a  few  moment*, 
after  it  has  been  separated  from  the  zipc,  and  carefullj 
scratch-brushed. 

A  feu  gohl  and  silver  electroplaters  employ,  instead  of 
separate  batteries,  the  simple  apparatus  (Fig.  ll*?\wliir!] 

Fig.  112. 


'^-    'IV 


'r^< 


consists  of  a  glass,  ]K)reeluin,  or  stoneware  vessel  fox  fOiJ' 
taining  the  bath,  in  the  centre  of  wliich  is  a  poroujs  ceU 
filled  with  a  solution  containing  10  per  eeut,  of  cynnitt^' 
of  potassium,  or  of  common  salt.     The  cylinder  of  ?i^<^'' 
immersed  in  this  exciting  hquid,  carries  a  circle  of  bnis^^ 
wire,  the  cross  wires  of  wliich  intersecting  at  the  ceutn? 
are  soldered  to  the  zinc.     It  is  then  sufficient  to  $u^^^^ 
the  well-cleansed  articles  to  the  brass  circle  by  means  ^^ 
wires.     At  the  beginning,  the  operation  goes  on  rapidly 
and  the  deposit  is  good;  but,  after  a  certain  length  ortioi*^ 
the  sohition  of  zinc  traverses  the  porous  cell  by  exosmoJ^N 
and  the  purity  of  the  bath  is  impaired.  i 

AVhen  the  bath  becomes  impoverished  it  is  revivifit'^i 
by  additions  of  equal  parts  oi*  cyanide  of  potassium  ^^^ 
of  silver  salt.  It  is  also  necessary  to  replac**  thr  water  J^ 
proportion  as  it  evaporates. 
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Koseleur,  whose  usually  eminently  practical  instructions 
i^e  have  largely  followed  in  this  work,  affirms  that  the 
previous  coating  with  copper,  of  articles  of  steel,  as  well 
as  those  of  Britannia-nvotaU  iron,  lead,  tin,  and  zinr\  is 
indispensable  as  a  preparatory  step  to  securing  an  adhe- 
J"ent  coating  of  silver.  So  far  as  this  statement  relates  to 
Iteel  and  Britannia-metal^  this  usually  correct  authority 
altogether  wrong. 

In  the  United  States,  whicli  has  some  of  the  largest 
fver-plating   establishments  in    the  world,  notably  the 
^oriden  Britimnia  Company  at  Meriden,  Conn.,  the  Wra. 
►gers  Manufacturing  Co.,  of  Hartford,  Conn.,  and  others, 
practice  of  previous  coppering  is  not  adopted  either 
'li    Britannia-metal    (white-metal,  as  it    is   son^etimes 
I^Xcd)  or  steel.     Indeed,  we  may  affirm  on  the  best  au- 
*Tity  that  this  practice  has  not  been  in  vogue  in  any 
t^xblishment  of  importance  for  many  years — ^steel  table- 
^ives  being  plated  directly  on  the  steel,  and  table-ware, 
'll  as  cake-baskets,  ice- water  pitcliers,  coolers,  etc,  re- 
Mng  their  silver  deposits  directly  on  the  Britannia.     It 
«ioubtfid  in  fact  if  coppered  wares,  such  as  Rosejeur 
^oribes,  would  he  marketnide.      It  would  appear,  there- 
to, that  this  practice,  whifrh  appears  to  be  obsolete  in 
^j^land  also,  is  confined  to  the  French  platers. 
The  practice  of  different  establishments,  of  cleansing 
l^ir  work,  differs  somewhat,  but  all  aim  at  the  same 
Hilt,  viz.,  to  secure  a  smooth,  adherent  coating  of  metal 
l>on  an  inferior  bast*. 
The  practice  in  the  Meriden  Britannia  C*o.'s  works,  at 
U^riden,  Conn  ,  as  observed  by  the  author,  is  substantially 
^^   follows:    With   ''white-metal:''    The    article    is   tirst 
tumnsed  of  all  grease  by  immersion  in  Iwiling  alkali ;  then 
^^to  dilute  nmriatic  acid;  then  into  a  ''striking"  solution, 
l^iz.,  a  weak  cyanide  of  silver  solution  with  a  large  proper- 
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tion  of  free  cyanide  of  potassium,  and  a  large  silver  aaode 
operated  with  a  very  strong  electric  cunent.  The  purpose! 
of  immersion  in  this  solution  is  to  effect  an  instantam 
dej>osit  of  silver  on  the  nietid,  to  better  insure  a  perfe 
coating  in  the  silvering  bath  proper.  The  articles  reraaii 
in  the  "striking"  solution  for  a  few  secx>nds  only^  as 
action,  owing  to  the  large  proportion  of  free  cyanide  it 
tains,  is  very  promiit,  and  as  soon  as  they  have  receired  a 
thin  coatnig,  which  takes  place  almost  immediatelv.  ihey 
are  removed  to  tlie  electro- plating  bath,  when*  they  remain 
until  they  have  received  the  proper  coating  of  silver.  In 
many  cases,  especifdly  with  articles  of  considerable  t*iJBC, 
cleansing  in  boiling  alkali  must  be  suppk^mented  b] 
'*  scratch-brushing/'  in  which  case  the  acid  dip  may  Iw 
dispensed  with,  and  the  article,  after  thorough  rinsing  and 
again  dipping  in  alkali  to  remove  finger  marks,  is  im- 
mersed at  once  in  the  '"  striking"  solution.  ' 

German-silver,  or  nickel,  articles  are  first  cleansed  in 
boiling  alkali,  washed,  then  dippetl  in  a  mixture  of  two^ 
thirds  sulphuric  and  nitric  acids,  then  into  quicking  $oli»- 
tion,  then  into  the  "striking''  solution, and  from  this  inta| 
the  plating  bath. 

Steel  articles   arc  cleansed    in    boiling  alkali,  rinstnl. 
tUpped  in  muriatic  acid,  then  in  the  "striking"  soluliou. 
and  from  this  into  the  plating  batlh     In  case  theartirk^ 
require  scouring   the  acid   dip  is   dispensed  with.    F< 
steel  two  "striking"  solutions  are  usc*d,  one   somewhat 
richer  in  silver  than  the  other,  the  weaker  solution  brin 
used  first. 

In  the  Wm,  Rogers  Manufacturing  Co.,  Hartlbi 
Conn.,  one  of  the  oldest  and  best  establishments  in  tl 
I'nited  States,  the  following  is  the  general  outline  of 
jnethods  in  use  for  preparing  work  lor  jJating: — 
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For  Cleansing  steel  (cutlery). — Immersion  in  boiling 
alkali  for  the  removal  of  grease;  scouring;  ringing ;  dipping 
in  strong  muriatic  acid ;  then  for  a  few  seconds  in  a  silver 
**  striking"  solution ;  then  in  the  plating  bath  until  the 
required  amount  of  silver  is  deposited.  ^  -^  -^ 

j  The  formulae  for  the  "striking"  solution,  which  will-be^ 
giveruixlrthe^^-on,  is   low  in  silver,  rich  in  cyanide,  and 
worked  with  a  strong  current  and  a  silver  anode,  j 

Nickel-silver  (German-silver)  (for  spoons). — Immer- 
sion in  boiling  alkali ;  scouring,  if  necessary ;  rinsing  in 
'water ;  immersion  in  acid  mixture,  composed  of  two-thirds 
sulphuric  acid  and  onc-thitd  nitric  acid ;  dipping  in  weak 
*'  quicking"  solution  (either  very  dilute  potassium-mercury 
cyanide,  or  acidulated  nitrate  of  mercury) ;  immersion  for 
a  few  seconds  in  the  silver  "  striking"  solution ;  and  from 
this  into  the  plating  bath. 

Britannia-metal  (hollow-ware). — Cleansing  in  alkali 
as  above;  brushing;  rinsing  in  water ;  again  immersing 
in  alkali  to  remove  finger  marks,  if  necessary ;  immer- 
sion in  the  "  striking"  solution,  and  from  this   into  the 
plating  solution.      A  "  quicking"  solution  for  Britannia, 
sometimes  employed,  is  composed  of  a  strong  solution  of 
sal-ammoniac  and  corrosive  sublimate,  into  which  the  arti- 
cles are  dipped  after  cleansing  in  strong  potash.      The 
metal  will  plate  without  being  scoured.     The  Hartford 
Britannia    Company    employs    substantially    the    same 
method  of  procedure.     Whether  articles  require  to  be 
scoured  or  not  will  depend,  of  course,  upon  their  freedom 
from  grease  or  dirt  of  any  kind,  and  the  operator  must 
use  his  judgment  as  to  whether  he  may  safely  dispense 
with  it  in  preparing  his  work  for  plating. 

The  above  described  preparatory  operations  correspond 
in  a  general  way  with  the  most  approved  English  methods, 
as  witness  the  following  brief  statement  from  Gore  {Eleo 
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troMetaUvrgy^  162  et  seq.):  "C-opper,  brajss,  and  Ger* 
man-silver  are  the  best  substances  to  deposit  silver  upon; 
lead  is  a  very  bad  metal  for  the  pui-pose,  because  it  is  lo 

soft.  Articles  of  iron  or  ziiic  are  usually  coatt^l  with  I 
film  of  copper,  in  a  cyanide  solution,  before  putting  them 
into  the  plating  li(|uid.  Those  formed  of  Britannia-metiil. 
tin,  or  pewter,  are  not  dipped  into  acid  before  plating,  but 
into  a  strong  and  boiling-hot  solution  of  pure  caustic  pot- 
ash, and  are  then  eitlier ''  scratch-brushed,"  or  taken  dirort 
from  the  alkali,  without  rinsing  in  water^  and  immerscJ 
in  a  cyanide  of  silver  solution  (at  about  190°  F,)*  con- 
taining a  considerable  proportion  of  free  cyanide,  with  a 
large  anode,  and  an  electric  current  of  considenible  inten* 
sity  is  passed  through  tlie  vat  for  several  minutes,  until 
the  articles  receive  a  thin  coating ;  they  are  then  tmn^ 
ferred  to  the  ordinary  plating  solution  to  receive  the  full 
amount  of  deposit. 

^' Steel  articles,  after  being  cleansed  in  the  hot  potash, 
are  dipped  (without  brushing)  into  a  solution  of  aac 
pound  of  cyanide  of  potassium  to  a  gallon  of  w^ater;  and 
then  coated  thinly  with  silver  in  a  similar  manner  before 
plating.  Those  of  lead  are  first  scrajied  or  otherwise 
made  quite  clean  and  bright,  by  mechanical  means,  and 
then  treated  in  tlu^  same  manner  as  those  of  Britnunia* 
metal  Articles  of  copper,  brass,  or  German-silver,  after 
being  properly  cleansed,  are  dip|>ed  into  the  solution  of 
nitrate  of  mercury,  or  a  very  dilute  one  of  cyanide  of  mcT- 
cnry  and  potassium,  then  rinsed  in  a  vessel  of  water,  and 
immediately  suspended  in  the  depositing  vat/' 

The  silver  '*  striking"  solution,  as  used  hy  the  William 
Rogers  Manufacturing  Company,  of  Hartford,  Conn.,  hat 
the  loUowing  composition,  viz : — 
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Rogers's  *^  Striking**  Solution. 

Cyanide  of  potassium 6  ounces. 

Silver  . ^  ounce. 

Water  .     • 1  gallon. 

Use  strong  current. 

The  following  is  the  composition  of  the 

Meriden  Company* s  "  Striking**  Solution. 
Cyanide  of  potassium  .         .         .     12  to  16  ounces. 

Silver 8  to  10  dwts. 

Water 1  gallon. 

The  plating  solution  commonly  employed  by  the  Wil- 
am  Rogers  Manufacturing  Company,  of  Hartford,  Conn., 
^s  the  following  composition : — 

Rogers* s  Formula, 
Cyanide  of  potassium     .         .         .         .         .6  ounces. 

Silver  (in  chloride) 4      *' 

Water 1  gallon. 

^X^he  usual  plating  bath  of  the  Meriden  Britannia  Com- 
^^  y  has  the  following  proportions : — 

Meriden  Company* s  Formula. 
Cyanide  of  potassium  .         .         .         .         .12  ounces. 

Silver 3      " 

Water 1  gallon. 

A^hen  these  baths  deposit  their  metal  rapidly  without 
^^  aid  of  electricity,  it  is  a  proof  that  they  are  too  rich 
^  oyanide,  or,  what  amounts  to  the  same  thing,  too  poor 
^  silver.  A  deposit  effected  under  such  conditions  is 
f^^ely  adherent,  especially  when  it  is  made  upon  articles 
V^eviously  coppered,  because  then  the  excess  of  cj-anide 

dissolves  the  film  of  deposited  copper,   and   the   silver 

^Mch  takes  its  place  is  easily  rubbed  off  with  the  finger. 

'This  phenomenon   will   be   particularly   observed   with 
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articles  of  steel,  tin,  lead,  etc.,  which  have  been  coated 
>vith  copper  before  plating.  The  remedy  consists  in  add- 
ing to  the  bath  just  so  much  of  silver  salt,  that  a  piece  of 
copper  will  not  become  sensibly  silvered  in  it,  without 
the  aid  of  electricity. 

The  cold  electro-silvering  baths  are  disposed  differentlr 
according  to  the  articles  to  be  operated  upon.  Those 
generally  employed  for  electro-plating  tablespoons  and 
forks,  etc.,  are  contained  in  large,  rectangular  wooden 
troughs  (Fig.  113),  lined  with  gutta  percha,  or  made  of 

Fig.  113. 


wrought  iron  with  riveted  joints.     They  are  sufficiently 
high  to  allow  of  about  4  inches  of  liquid  being  abov^ 
tlie  immersed  objects,  which  should  be  supported  eq^* 
distant  from  top,  bottom,  and  sides,  in  which  case  the  de- 
positicm  of  metal  is  likely  to  be  of  uniform  thickness  at 
both  extremities  of  the  objects.     Each  vat  has  a  wooden 
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.•im  or  flange  attached  to,  and  passing  all  around  its  upper 
3dge.  Upon  this  rim  is  fixed  a  rectangle  of  brass  tubing, 
to  which  is  soldered  a  binding  screw  connecting  it  with 
the  positive  pole  of  the  battery.  Inside  of  this  rectangle 
is  attached  another  smaller  rectangle  of  brass  tubing, 
passing  all  around  the  flange  like  the  first,  the  two  being 
completely  insulated  from  each  other.  This  second  rect- 
angle also  has  a  binding-screw,  which  serves  to  connect 
it  with  the  negative  pole  of  the  battery.  Rods  or  tubes 
of  brass  placed  transversely  rest  with  their  extremities  in 
-lean  metallic  contact  with  the  outer  or  larger  rectangle, 
nd  these  are  destined  to  support,  and  are  in  good 
ic^tallic  contact  with,  a  number  of  sheet  silver  anodes  by 
El-  mes  of  iron,  which  extend  down  into  the  bath.  Other 
'<3s  of  brass,  also  lying  crosswise  like  those  just  mentioned, 
^t  with  their  extremities  in  the  inner  and  smaller  rect- 
^-^le,  and  from  these  are  supported  by  means  of  wires 
^^  objects  to  be  silvered.  By  using  a  flange  slightly  in- 
-  ^tied  upwards,  or  provided  with  a  step,  the  outer  rect- 
^le  will  be  placed  somewhat  higher  than  the  inner  one, 
that  cross-rods  carrying  the  anode  will  cross  without 
^^ching  the  lower-lying  inner  rectangle.  The  same 
O  ect  will  also  be  accomplished  by  using  a  larger  tube — 
3^  one  inch  in  diameter — for  the  outer  rectangle,  and  a 
>  ^Uer  one,  one-half  inch,  for  the  inner  one.  It  is  scarcely 
-Ciessary  to  add  that  all  the  points  of  contact  of  the 
^^ss  tubes  with  the  rectangles,  the  supporting  frames, 
^c3  the  suspension  wires  with  the  cross  tubes,  and  the 
'^'^ding-scraw  and  other  connections,  must  be  kept  scru- 
^lously  clean,  and  for  this  purpose  must  be  frequently 
^a.mined. 

Having  provided  a  vat  of  this  description,  a  certain  num- 
^r  of  spoons,  forks,  etc.,  fixed  to  one  of  the  cross  tubes 
^^ig.  114),  by  means  of  copper  wires,  are  cleansed  at  the 
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same  time,  and  the  tube  is  placed  in  position  with  its  ex- 
tremities resting  on  the  inner  or  negative  rectangle  of  the 
bath.  Then  with  its  ends  resting  upon  the  positi%'e  conJ 
diictor  of  the  trough  and  adjacent  to  the  first  a  second 
cross  tube  is  placed  in  position,  to  which  is  attached  a  sil- 
ver anode  (Fig.  115), 


Fiff.  114. 


Fijr,  115. 


Next  comes  another  series  of  spoons  and  forks,  faced  by 
another  anode,  and  so  on,  in  such  a  maimer  that  each 
series  of  articles  is  disposinl  between  two  anodes.  The  ^ 
cross  tubes  carrying  the  artich*s  to  be  silvered  all  rest,  of^ 
course,  upon  the  negative  conductor,  and  the  anodes  upon 
the  positive. 

This  disposition  is  evidently  the  best  for  obtaining  a 
sensibly  equal  deposit  ui>ou  all  the  pieces ;  nevertlielesst 
unless  the  articles  are  kept  in  constant  motion,  it  will 
be  found  necessary  to  reverse  the  objects  during  the  ope- 
ration (i  €,,  turn  them  upside  down)  in  order  that  the 
lower  portions  shall  not  receive  the  heaviest  deposit. 
This  will  otherwise  be  the  case  as  the  richest  part  of  the 
solution  is  the  densest,  and  therefore  lies  near  the  bottom 
of  the  vat.  Moreover,  the  change  of  position  of  the  arti- 
cles prevents  the  tbrmatian  of  longitudinal  strta?,  which 
arc  often  seen  uix>n  smooth  articles  left  undisturbed  in  the 
solution  for  a  long  time. 
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These  strise  are  generally  due  to  the  existence  of  a 
multitude  of  small,  convection  currents,  ascending  and  de- 
scending side  by  side,  and  formed  by  the  successive  dis- 
placement of  denser  and  lighter  liquid  layers.  They  do 
not  occur  in  liquids  kept  in  a  state  of  constant  agitation. 
The  denser  layers,  being  richer  in  metal,  deposit  it  more 
abundantly  in  the  direction  which  they  follow,  and  form 
grooves  which  cannot  be  filled  by  the  lighter  and  poorer 
currents.  It  is,  therefore,  advantageous  either  to  keep 
the  bath,  or  the  objects,  in  constant  motion ;  and  in  large 
plating  works,  where  motive  power  is  available,  a  small 
portion  of  it  may  be  used  for  imparting  a  swinging  motion 

Fig.  116. 


^^^  the  objects  to   be  silvered.     In  this  case,  the  frame 

^'^pporting  the  articles  does  not  rest  upon  the  vat,  but 

^^  suspended  above  the  bath,  and  receives  a  slow  swinging 

'D^otion  from  a  small  eccentric  or  its  equivalent  (Fig.  116). 
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Any  other  mcclmninal  movement,  prodncinfj  the  san 
results,  may  be  employed. 

The  amount  of  silver  deposited  on  plated  good^^  vane 
according    to   circumstances.      Different    e8tablii»litOfiit^ 
ha^e  several  grades  of  goods  which  they  designate 
special  trademarks.     A  coating  of  the  thickness  of  t'Oi 
mon  writing-paper,  which  is  considered  to  be  an  excelli 
one,  corresponds  to  about  an  ounce  and  a  quarter,  or 
oimee  and  a  half  of  silver  to  the  square  foot  of  ^m\ 
The  silver  will  adhere  strongly,  if  the  articles  have  ba 
properly  prepared  before  plating. 

Wliere  the  voltaic  batter)*  is  used  as  the  generator 
the  current,  the  time  required  for  laying  a  satisr!irt< 
coat  of  silver  will  vary,  according  to  the  grade  of  Ae 
plating  required,  from  three  or  four  hours  to  twelve  hoi 
With  the  dynamo-electric  machine,  however,  which 
come  into  almost  universal  use  in  tiie  larger  plating  esiW 
lishments,  a  fair  coating  can  be  hiid  in  three-quartets  <*' 
an  hour,  and  a  heavy  eoat  (triple*plate)  in  from  two  ^^ 
three  hours,  according  to  the  intensity  of  the  current,  tlie 
condition  of  the  bath,  and  tlie  rehitive  proportions  between 
the  surfaces  of  anode  and  cathode. 

The  practice  obtains  among  a  few  platers  of  removing 
their  articles  from  the  bath  after  they  have  received  atbio 
coating  of  silver,  thoroughly  scratch-brushing,  and  rotiint* 
ing  them.  It  is  questionable,  however,  if  the  advanta{:tTS 
supposed  to  b{*  gained  by  this  practice  are  sufficient  l^» 
w^arrant  the  extra  labor,  mid  to  offset  the  risk  of  spotting 
the  articles  wdth  finger  marks.  As  one  very  experience 
plater  expressed  himself  to  us  on  the  subject,  it  is^love'^ 
labor  lust.'*  ^ 

In  order  to  secure  an  extra  heavy  coating  of  silvew|| 
the  convex  surfaces  of  spoons  and  forks,  which,  being 
subject  to  greater  wear  than  tlie  other  parts,  require  extra 
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rotection,  the  Meriden  Britannia  Company  uses  a  frame 
a  which  the  articles,  supported  therein  by  their  tips,  are 
laced  horizontally  in  a  shallow  silver  bath,  and  immersed 
ust  deep  enough  to  allow  the  projecting  convexities  to 
lip  into  the  bath.  By  this  artifice,  these  portions  are 
jiven  a  second  coating  of  silver  of  any  desired  thickness. 
This  mode  of  procedure,  which  is  termed  "  sectional  plat- 
ing," accomplishes  the  intended  purpose,  simply  and  satis- 
factorily. The  common  plan,  elsewhere  named,  of  allow- 
ing the  backs  of  these  articles  to  face  the  anode  for  a 
longer  time  than  the  front,  has  the  obvious  objection  that 
t  necessitates  the  deposition  of  an  unnecessarily  heavy 
bating  upon  the  other  portions  of  the  same  surface  ex- 
cised to  the  anode.  Similar  devices  are  in  use  in  other 
•ta.blishments. 
The  following  tabulation  exhibits  the  amount  of  silver 
■posited  upon  the  several  grades  of  plated  tableware 
Einufactured  by  the  William  Rogers  Manufacturing 
^ttipany,  of  Hartford,  Conn. 

Per  gross.  Extra  plate.  Double  plate.    Triple  plate. 

Teaspoons    .         .         .         .     48  dwts.  4  oz.  (5  oz. 

X>e8sert8poons  and  forks  .     72     "  6   "  9  " 

Tablespoons  and  med.  forks  .     96     "  8   "  12  " 

lUectro-silvering  baths  do  not  generally  work  so  well 
tien  freshly  prepared  as  after  they  have  been  used  for  a 
-X'taintime,  and  have  become  electrolyzed  ;]  the  deposit  is 
ot  always  uniform,  and  is  often  granulated,  bluish,  or 
^Uowish.  When  this  is  the  case,  it  will  be  found  useful 
^  mix  a  portion  of  old  baths  with  those  recently  prepared, 
^^w  baths  may  be  artificially  aged  by  boiling  them  for  a 
few  hours,  or  by  adding  to  them  one  or  two  thousandths 

^f  aqua  ammonia. 
The  greatest  reproach  to  electro-silver-plating  is  that 

the  deposit  does  not  retain  its  color,  but  becomes  yellow- 
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ish  on  exposure  to  the  air.  Tliis  phenomenon  is  due  to 
the  simultaneous  deposit,  by  galvanic  action,  of  pure  sil- 
ver and  of  a  siibsalt,  the  Ruhcyanlde  of  ^iVner, /which  is 
rapidly  decomposed  and  darkened  by  light.  It  is  there- 
fore expedient  to  eliminate  the  latter  compound,  in  order 
that  this  inconvenience  shall  disappear.  This  may  be 
accomplished  by  the  fnllowing  methods : — 

1.  The  articles  are  left  immersed  in  the  bath  for  some 
time  after  the  electric  curri'ot  has  been  interrupted,  when 
the  su1>cj  anide  of  silver  is  dissolved  by  the  cyanide  of  po- 
tassium. 

2.  After  having  smeared  tlie  objects  with  a  paste 
borax,  they  are  heated  in  a  muffle  until  the  salt  fuses  and 
dissolves  the  subcyanide.  This  process  anneals  and  softens 
the  metal. 

3.  The  electrodes  are  inverted  for  a  few  seconds,  after 
plating,  thus  Transforming  tlie  articles  into  anodes,  and 
the  electric  current  carries  away  the  subcyanide  of  silver  in 
preterence  to  the  metah  It  is  evident  that  this  opemtion 
should  not  be  prolonged,  otherwise  the  silver  will  bp 
entirely  removed  from  the  objects,  and  will  be  deposited 
on  the  silver  plates. 


be? 


BriglU  Silvering. 

As  deposited  from  tlie  cyanide  bath  just  descri 
the  surface  of  the  precipitated  sWvcv  has  a  mat  or  dead 
appearance,  winch  is  well  described  as  ''chalky.",'  To 
brighten  tliis  deposit  it  is  necessar}^  to  resort  to  burnish- 
ing, w^hich,  especially  in  the  case  of  objects  of  very  o^ 
nate  design,  or  with  those  of  hollow  shape,  which  require 
to  be  bright  inside,  is  a  tedious  and  troublesome  operation, 

It  is  found,  however,  that  the  addition  of  a  small  quan- 
tity of  bisidphide  of  earbon  to  the  cyanide  plating  solu- 
tion will  cause  the  silver  to  be  deposited  bright.     This 


BRIGHT-SILVERING. 


I 


observation  was  made  by  accident,  aiid  became  the  subject 
of  a  British  patentassucd  iii  1847,  to  Lyons  and  Milwaid. 
Since  that  time  the  process  devised  by  these  inventors  has 
been,  with  iniiraportant  modifications,  extensively  used 
by  platers, 

Lyons  and  Milward  describe  their  process  as  being  in- 
tended for  producing  bright  deposited  silver  by  adding  to 
the  cyanide  of  silver  solution  *■'  compounds  of  sulphur  or 

I  carbon/*  of  which  they  name  bisulphuret  of  carbon,  ter- 
chloride  or  other  chloride  of  carbon,  sesquichloride  of 
sulphur,  or  hypostdphite  of  sodium  or  poti\ssium.  The 
bisulphide  of  carbon,  which  tliey  consider  preferable,  may 
be  used  either  alone  or  dissolved  in  sulphuric  ether,  or  in 
conjunction  ^vith  any  of  the  sid)stances  above  named. 
The  following  procedure  they  find  best  adapted  for  their 
pur|)ose8 :  '"  We  take  the  bisulphuret  of  carbon  and  com- 
birie  it  with  the  metal  to  l>e  deposited,  previously  dissolved 
^  €1  solution  of  the  cyanide  of  potassium  or  sodium  in 
tno  manner  well  known,  and  proceed  as  follows :  We 
pla^c^e  six  ounces  of  bisulphuret  of  carbon  in  a  stoppered 
botitle  and  pour  over  it  a  gallon  of  the  cyanide  solution, 
^IroTii  whidi  we  are  about  to  deposit*  We  allow  this  tore- 
pmaiii  twenty-four  hours.  AVe  tlien  decant  c^irefully  a 
P*^tt:ion  of  the  solution,  which  will  have  combined  with  a 
P^rt  of  the  bisulphuret  of  carbon,  and  for  every  twenty 
^Hons  of  solution  to  be  acttnl  npon  we  add  about  two 
^^mces  of  the  solution  containing  the  bisulphuret  of  carbon 
^^fJ  stir  it  well  with  the  twenty  gallons,  when  it  is  ready 
*^^  use;  but  we  find  it  necessary  to  add  fresh  portions  of 
^**o  solution  containing  the  bisulphuret  of  carbon  every 
^y  when  in  use  in  about  the  same  proportion  ;  hnt  in 
'^Vi  the  solution  has  remained  many  days  upon  the  bisuU 
pWct  of  carbon  a  smaller  portion  than  two  ounces  will 
^ttffire  to  produce  the  effect.     We  have  found  the  other 
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named  ingredients  when  nsed  in  larger  proportion^ 
produce  similar  results,  but  not  so  advantageously  as  thfl 
bisiilpliiiret  of  carbon ;  and  we  have  found  that  a  marb 
lari^er  proportion  of  bisulphuret  of  carbon  producer 
inipijoved  dead  dejKisit  in  place  of  the  bright  eifect  pn- 
viously  described ;  and  we  would  state  that  the  bisulphurfi 
of  carbon  may  be  combined  with  solutions  of  metals  by 
other  means  than  those  we  have  described.  We  have 
succeeded  by  first  dissolving  it  in  sulpliurie  ether  (or  hydro- 
cyanic add  with  the  aid  of  heat),  and  find  the  effect  upon 
the  solution  to  be  the  same." 

The  proportion  eitlier  of  silver  or  of  free  cyanide  In 
the  silver  bath  to  which  the  brightening  solution  isaddinl 
does  not  appear  to  noticeably  affect  the  result.  The  briglit* 
enino;  solution  acts  more  slowly  than  the  usual  platinsf 
solution  and  requires  a  stronger  current.  The  brightm* 
ing  exhibits  itself  first  at  the  lowest  portions  of  the  articleJi 
and  spreads  irom  fliese  gradually  over  the  whole  surface?* 
requiring  usually  about  a  quarter  of  an  hour  to  complete]} 
brighten. 

The  brightening  solution  is  intended  to  he  used  simplj' 
to  impart  a  superfiriid  finish  upon  plated  articles,  and  i^ 
unfit  for  ordinary  use  in  plating.  A  '*  bright''  vat  shoiilJ, 
therefore,  be  kept  for  finishing  only,  and  is  found  esped* 
ally  serviceable  in  phi  ting  surfaces  that  are  difficult  ta 
scratcli-brusli.  In  adding  brightening  solution  to  the 
plating  bath,  the  caution  should  be  carefully  observed  to 
use  as  little  of  it  as  possible ;  the  addition  of  too  much 
is  apt  to  cause  the  articles  to  become  spotted  and  streaked 
with  a  bad,  brownish  discoloration. 

Urquhart  (Ehcfnt-PIafing^  1880,^  V^^^  l'^^)  convey*] 
the  following  hints  on  the  "  bright' *  plating  proee«§;J 
'^  This  is  a  process  employed  in  the  plating  factory  bfj 
which  a  brilliant  appearance  or  finish  is  given  to  the 
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goods  after  they  have  heen  plated  in  the  ordinary  way. 
It  saves  a  great  deal  of  trouble,  because  the  surface  is 
finished  as  if  it  had  been  burnif^hed.  It  is  questionable 
whether  the  solution  is  of  ust^  to  tlie  iinuttcur^  as  it  does 
not  appear  to  work  well  in  very  small  volumes. 

**To  make  this  solution,  place  a  quart  of  ordinary  plat- 
ing solution  in  a  special  bottle,  add  to  it  four  ounces  of 
liquor  ammonia,  two  of  etlier,  and  four  of  bisulphide  of 
carbon.  Shake  well,  and  stir  in  an  ounce  or  two  of  this 
mixture  to  every  twenty  gallons  of  platiiijLf  liquid  it  is 
required  to  brighten  about  twice  a  day.  This  is  done  as 
the  bath  is  working.  All  the  bisidphide  of  carbon  mix- 
ture must  not  be  added  at  once,  this  would  spoil  the 
whole  solution.  As  the  plating  goes  on,  a  little  should 
be  stirred  in  after  the  day's  work,  as  mentioned.  It  is  of 
the  greatest  importance  to  use  as  little  as  possible  of  this 
deifttructive  bisulphide  of  carbon,  as  it  is  very  apt  to  ruin 
the  solution  altogether :  and  no  solution  should  be  thus 
brightened'  that  is  required    to   plate  ordinarily   with 

MU,  as  it  will  be  unfit  for  the  pur]>ose/'  Shoidd  the 
sx>otting  or  discoloration  of  the  articles  indicate  that  too 
much  '*hrightcning''  liquid  has  been  used,  the  same  author 
recommends  as  tht^  Wst  remedial  plan,  to  work  upon  a 
silver  cathode  until  the  excess  is  worked  off. 

Planters  method  of  bright  silvering  consists  in  the  addi- 
tion of  sulphide  of  silver  to  the  plating  bath.  Of  other 
methods  suggested  for  the  same  ol»ject,  Gore  {Electro^ 
MetaUurgy^  168)  makes  mention  of  sulphur  and  collo- 
dion ;  a  solution  of  iodine  and  gutta  percha  in  chloroform^ 
which  is  affirmed  to  be  more  permanent  in  its  effects  than 
the  bisulphide  of  carbon;  also  one  and  a  half  ounces 
each  of  the  carbonate  and  the  acid  carbonate  of  potas> 
slum,  added  once  in  nine  or  ten  days  to  a  plating  Htpud 
containing  twelve  ounces  of  cyanide  of  potassium,  and 
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three  and  a  half  of  silver  per  gnllon.  This  anthoritr 
remarks  concerning  these  suggested  substitutes,  that  Uifjr 
do  not  equal  the  bisulphide.  Respecting  tliis  operation^ 
it  may  be  said  that  it  is  the  generally  expres^d  opinion 
of  experienced  platers  that  it  is  difficidt  to  secure  uniform 
results*  The  experience  of  the  William  Kogers  MaatJp 
facturing  Co,,  of  Hartford,  as  expressed  to  the  author,  is 
to  the  effect  that  if  the  articles  are  disturbed  or  movM 
in  the  *'  bright"  vat,  tliey  will  plate  a  dirty-white  color 
If  kept  perfectly  still,  and  all  conditions  are  tavorable, 
they  will  plate  bright,  but  to  obtain  uniformly  good 
results  is  difficult  and  uncertain,  and  if  too  much  brighten- 
ing solution  has  been  added,  the  bath  is  sure  to  work 
unevenly,  and  to  plate  rouglily  and  badly.  On  the  other 
hand,  the  Meriden  Britannia  Company,  in  response  to 
iiupiiries,  state  that  they  employ  the  '*  bright"  bath 
regularly,  and  find  no  serious  objection  to  its  use. 

Gore  affirms,  in  explanation  of  the  jieculiar  behavior  of 
the  hriglitening  solution,  that  the  silver  deposited  Is  not 
the  pure  metal,  and  that  he  has  found  sulphur  m  it  "''by 
dissolving  it  in  pure  dilute  nitric  acid,  determining  the 
amount  of  silver,  and  testing  for  sulphuric  acid  in  two 
separate  portions/' 

Finally,  it  may  be  added  that  it  is  important  to  rinse 
the  "bright"  plated  articles  in  boiling  water  immedHiteJjf 
after  their  rcmoval  from  the  bright  vat,  and  that  the  rins- 
ing should  be  so  thorongli  as  to  completely  remove  all 
traces  of  the  brightening  liquid,  as  otlierwise  the  articli*s 
will  quickly  blacken. 

From  all  that  has  preceded,  our  readers  will  be  able  la 
draw  the  conclusion  that  whilf*  the  use  of  briglilcniag 
sohition  is  attended  with  some  difficulties  and  uncertain- 
ties, they  may  be  overcome  by  the  exercise  of  pr(>i»t*r 
care  and  good  judgment. 
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CHAPTER  XXXV. 

SILVERING  BATH  FOR  AMATEURS. 

Amateurs,  or  those  who  simply  wish  to  make  a  few 
experiments  in  electro-silvering,  will  find  the  following 
disposition  very  satisfactory,  since  the  expenses  are  small, 
and  the  results  CQrtain. 

The  bath  is  kept  in  a  cylindrical  vessel  (Fig.  117)  of 
stoneware,  glass,  or  porcelain,  and  of  appropriate  size. 
The  spoons,  forks,  etc.,  after  the  proper  preparatory 
treatment,  are   attached  by  clean  copper  wires  to  the 

Fig.  117. 


circumference  of  a  brass  ring,  supported  upon  the  rim  of 
the  apparatus  by  three  or  four  soldered  wires.  The  ring 
is  connected  with  the  negative  pole  of  the  battery,  and 
the   positive  pole  with  a  platinum  anode,  which  is  im- 
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merscd  in  the  centre  of  the  bath.     (A  silver  sheet  rolledj 
hito  the  form  of  a  cylinder  is  preferable  to  the  platinuinj 
wire,)    It  resTilts  from  tliis  dis{K>sition  that  all  the  objc( 
suspended  from  the  brass  ring  are  equally  distant  froa 
the  anode,  and  receive  the  same  amount  of  d€'j>3^itd 
silver,    Nevertlieless,  the  articles  to  be  silvered  should' 
now  and  then  tnraed  upside  down,  and  also  laterally, ' 
that  eacli  face  of  the  object  will  be,  in  turn,  presented 
the  silver  anode.     These  clianges,  moreover,  present  thd 
advantagfe  that  the  points  of  contact  with  the  suspendin 
wires  receive  their  quota  of  metallic  deposit.     When  thj| 
precaution  is  not  followed,  the  place  where  the  wire  wi 
attached  appears  as  a  furrow  without  silver,  and  defai 
the  appearance  of  the  piece. 

Points,  edges,  Cornells,  and  all  psvrts  in  relief,  offer 
more  easy  passage  to  the  electric  current,  and  therefofl 
receive  a  thicker  coating  of  metal.     As  those  are  the  ynt 
n>ost  exix>sed  to  wear,  this  circumstance  is  a  most  lurtu 
nate  oue. 

As  the  convex  parts  of  electro-plated  spoons  forks,  < 
are  subject  to  much  mom  friction  in  usage  than  the  ron 
cave  jmrts,  the  former  sliould  be  allowed  to  face  theamx 
longer  than  the  latter  in  order  to  rereivo  a  sinnewluit  Iieav 
ier  de^KJsit. 


CHAPTER  XXXYL 

GENERAL  OBSEKVATIOXS  OK  TilE  MANAGEMENT  OF  CVAKU)? 
PLATING  SOLUTIONS. 


As  is  the  c*ase  with  the  cyanide  gildini;  solutions,  it 
composition,  St rengtb,  and  working  quality  of  the  cyanid 
plating  solution  arc  hablcsin  jperation,  to  constant  change 
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and  from  causes  analogous  to  those  set  forth  in  our  ob- 
servations on  the  former.  Fortimately,  however,  the  cy- 
anide silvering  solutions  do  not  present  as  much  diffi- 
culty in  their  proper  management  m  the  corresponding 
gilding  sohitions. 

We  shall  give  in  what  follows  a  number  of  practical 
hints  respecting  the  proper  management  of  plating  solu- 
tions which  will  Vie  found  serviceable. 

Newly  prepared  silver  solutions,  as  we  have  previously 
mentioned,  do  not  work  as  satisfactorily  as  those  that  ha%^c 
been  in  use  for  some  time,  and  to  meet  this  objection,  many 
operators  adopt  the  plan  of  adding  to  a  freshly  prepared 
silver  solution  some  old  silvering  liquid,  which  improves 
its  working. 

In  the  course  of  time,  and  according  to  the  constancy 
with  which  they  have  been  kept  in  service,  the  baths  be- 
come charged  with  impurities.  They  become  contami- 
nated from  the  floating  particles  of  dust  in  the  plating  room, 
and  other  mechanical  impurities;  they  become  charged 
with  the  salts  of  foreign  metals,  from  the  solution  of  the 
metallic  articles  introduced  for  plating,  and  from  the  im- 
purities of  the  silver  used  as  anodes;  they  bet^me  too 
heavily  charged,  also,  with  cyanide  and  silver  salt,  and 
with  carbonate  of  potassium  from  the  decomposition  of 
the  cyanide,  or  from  impure  cyanide,  so  that  the  density 
of  the  baths  becomes  so  great  as  to  offer  considemble  re- 
ristance  to  the  passage  of  the  current,  etc.  etc.  From 
cither  of  these  causes,  or  from  all  combined,  the  quality  of 
the  plating  will  be  more  or  less  seriously  impaired. 

When  the  solution  has  become  dirty  from  mechanical 
impurities,  whicli  is  readily  seen  on  any  slight  disturbance 
<*t*  the  bath,  which  causes  them  to  rise,  the  plating  will 
**e  damaged  by  the  settlement  of  particles  upon  the 
^^■ticlcs,  producing  objectionable  streaks  or  spots,     Wlien- 
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ever  the  bath  appears  to  require  it,  therefore,  it  should 
be  filtere<L 

If  the  sohition  is  too  dense,  even  thouj^di  tlie  reluhve 
proportions  of  silver  and  eviuiide  are  ri*T[ht,  the  hath  witl 
l)e  troublesome  to  manage,  estK?cially  in  hot  weatlier.  The 
increased  density  of  the  sohition  hinders  the  freedom  of 
movement  of  its  particles,  the  eoustitnents  are  more  d\^ 
posed  to  f^tratify  in  layers  of  different  s|>ecifie  g:ravitit?s, 
tlie  lieavier  silver  salt  accumulating^  lielow,  and  the  lighter 
cyanide  in  excess  above;  in  consefjuenee  of  which  tlie 
lower  parts  of  the  articles  will  receive  a  disproix>rtionately 
lu*avy  dt^posit,  while  tlicir  upper  porlions  will  receive  cam* 
pamtively  little^  and  the  upper  pirts  of  the  anode  will 
be  stronglr  attacked.  \\'hen  this  liehavior  is  oteervcd* 
the  remedy  to  be  applied  is  the  projx*r  dilution  of  the 
solution.  It  is  a  good  plan,  and  one  which  the  experienced 
plater  does  not  omit,  to  stir  the  sohition  well  after  each 
day's  work.  In  addition  to  this,  the  oi>erator  should  by 
no  means  neglect  the  precaution  to  keep  tlie  articles  in 
the  bath  in  constant  motion,  by  some  such  niechauiriil 
d^nice  as  that  shown  in  a  preceding  chapter  (l^iige  3(11)' 
By  carelid  attention  to  these  simple  details,  the  annoy* 
ances  above  described  may  be  largely  diminished  or  ett» 
tirely  obviated. 

By  observing  attcmtivcly  the  behavior  of  the  anodes 
xmder  the  galvanic  action,  the  openitor  will  acquire  valu* 
able  indications  respecting  the  composititm  of  the  Imtb, 
the  proper  proiMirtion  of  its  component  parts,  and  the  re- 
sults whicli  he  may  exi>ect  from  it 

Thus,  should  the  anodes  become  hhtclrmed  during  tliL' 
passage  of  the  electric  current,  it  is  a  sure  proof  that  the 
solution  contains  too  little  cyanide  of  ix>tassium  and  too 
much  silver.  Iti  this  case,  the  dejiosit,  tliough  adherent, 
takesplace  entirely  too  slowly,  and  the  bath  loses  more 
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¥er  than  it  gains  from  the  anodes.   He  should  tlicn  add, 

th  precaution,  some  cyanide  of  potassium.. 

If,  on  the  other  hand,  the  anodes  remain  vhite  during 

passage  of  the  current,  the  proportion  of  cyanide  of 
rtassium  is  too  great,  tlic  deposited  silver  is  often  with- 
t  adherence,  and  the  anodes  lose  more  metal  than  is  de- 
tited.  The  remedy  consists  in  adding  the  silver  salt 
til  it  dissolves  with  difficulty. 

To  sum  up,  when  the  bath  is  in  good  working  order, 
\  anodes  become  (/ntf/  during  the  pussage  of  the  electric 
rrent,  and  wJdte  when  the  circuit  is  broken. 
The  specific  gravity  of  the  batli  may  vary  considerably 
Jiout  sensibly  impairing  the  (juality  of  the  work. 
Besides  the  examination  of  the  anodes,  there  is  another 
Iple  and  rapid  process  for  ascertaining  the  state  of  the 
h,  and  establishing  the  proper  ratio  between  the  silver 
I  the  cyanide.  About  half  a  pint  of  the  liquid  is  re- 
eved and  introduced  into  a  tall  glass,  and  to  this  a  solu- 
H  of  10  parts  of  nitrate  of  silver  in  100  parts  of  distilled 
ter  is  added,  drop  by  drop.  If  the  white  preci]ntate 
educed  is  rapidly  dissolved  by  stirring,  the  li(piid  is  too 
i^  in  cyanide,  or,  vvliat  is  the  same  thing,  too  ]K>or  in 
Ver;  should  the  precipitate  remain  undissolved,  not- 
ithstanding  prolonged  stirring,  the  liquid  is  too  ric*h  in 
^tT  and  too  poor  ux  cyanide  of  potassium.  Lastly,  when 
it'  (jrecipitatc  is  dissolved  but  slowly,  the  liquid  is  in  the 
^t  condition.  The  remedy  for  each  of  these  deficiencies 
obvious. 

Crenerally  the  same  causes  that  are  operative  in  cans* 
J  the  continual  alterations  that  have  been  pointed  out  in 
tt  fomments  on  the  management  of  the  cyanide  gilding- 
ation,  are  those  which  pause  the  analogously  constituted 

tro-plating  bath  to  suftiT  continual  chnnges. 
If  the  anode  surface  exposed  is  disproportionately  large 
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in   relation  to  the  receiving  surface,  the  bath  becomes 
tno  rirli  in  silver,  and  the  proportion  of  free  cyanide  if  I 
relatively  diniinislied;  an  excess  of  free  cyanide  will  have 
a  similar  cffert     If,  on  the  other  hand,  the  anode  is  reb' 
tively  small  as  compared  with  the  receiving  surfans  the 
bath  will  become  impoverished  in  silver ;  and  if  the  bathj 
is  deficient  in  free  cyanide,  the  result  will  be  the  samel 
or  the  two  rmisf^s  combined  will  aggravate  the  evil, 

Wlien,  afVer  lung  usage,  the  density  of  the  cyanide  Imtli— 
becomes  too  great  and  its  electric  conductivity  diiniai4ieij«^ 
the  silver  is  deposited,  but  the  cyanide  remains  behittd 
and  is  partly  decomposed  into  carbonate  of  potassiun^ifl 
\vhi(^h  retards  the  silvering  process  by  preventing  the  fre^ 
passage  of  the  electric  current.     When  this  condition  oi 
things  exists,  it  will  be  well  to  add  to  the  bath,  instead  ot 
the  cyanide  of  potassium,  hydrocyanic  acid,  which  cooi' 
bines  with  the  potassium  of  the  carbonate  to  form  frei^h 
cyanitle,  while  the  carbonic  acid  escapes  in  gaseous  forni* 
We  have  thus  rehabilitated  the  cyanide  with  its  dissolvings 
properties,  and,  after  proper  dilution,  the  bath  will  he 
restored  to  its  normal  working  condition. 

The  bath  nniy  also  be  regenerated  by  the  addition  of 
the  cyanides  of  (uilciuni  or  barium,  the  bases  of  which 
form  insoluble  carbonates,  while  the  cyanogen  combine^ 
with  the  potassium  of  the  carbonate.  * 

As  has  been  elsewhere  remarked,  the  cyanide  platin?  | 
baths  may  vary  considerably  from  the  standard  Ijcfore  tb^l 
fact  becomes  patent  l>y  the  obvious  inferiority  of  th*?^^  ■ 
work ;  a  fact  of  some  importance  for  the  inexperienct'*^ 
plater  to  know.  On  this  account  it  may  l>e  well  to  add  ^^ 
the  foregoing  hints  on  the  management  of  sucli  solutioO^' 
the  statement  tluit  the  rate  at  which  the  anode  is  beii>^ 
dissolved,  will  (in  addition  to  its  appearance)  afford  hi*^ 
an  approximate  knowledge  of  the  condition  of  the  batl^* 
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-The  loss  of  weight  of  the  anode  should  agree  very  closely 
^th  the  gain  in  weight  of  the  plated  articles,  if  the  bath 
is  working  properly.  If  the  anode  is  losing  more  than 
'fie  goods  are  receiving,  the  indication  points  to  an  excess 
f  free  cyanide  in  the  bath ;  if  the  reverse  be  the  case,  a 
eficiency  of  free  cyanide  may  safely  be  suspected. 
In  either  case  the  remedies  are  obvious.  It  is  a  good 
il^  to  observe,  not  to  correct  the  irregularities  that  show 
leiiiselves  in  the  working  of  the  bath,  by  fresh  additions 
f  c^yanide  or  silver  salt,  until  the  operator  has  assured 
linrkself  l)y  careful  examination  that  the  fault  does  not  lie 
with  an  insufficient  or  excessive  current,  or  a  disproportion 
between  the  surface  of  the  anode  and  of  the  recipient. 
Every  fresh  addition  increases  the  quantity  of  the  sub- 
stances in  the  bath,  and  to  maintain  its  density  within 
proper  limits  its  volume  will  soon  become  greatly  in- 
creased by  the  necessary  dilution  with  water. 

When  a  bath  is  in  good  working  order,  the  operator 
should,  by  careful  attention  to  the  hints  and  precautions 
herein  given,  strive  to  keep  it  so.  Such  attention  will  go 
^ery  far  towards  accomplishing  this  desirable  result,  but 
^0  amount  of  advice  will  take  the  place  of  experience. 

A  durable  electro-silvering,  that  is  to  say,  a  thick,  con- 
tinuous, and  adherent  metallic  deposit,  is  of  such  import- 
^ceat  the  present  day,  that  we  repeat  again  in  a  synoptical 
fonn  the  several  operations  recommended  by  lloseleur 
wt  obtaining  good  results. 

^OSBLEUB'S  METHOD  FOR  COPPER,  BRASS,  AND  GERMAN-SILVER. 

FIRST    OPERATION. 

Boil  the.  articles  a  few  minutes  in  a  solution  of — 

jWater" 10  parts, 

Caustic  potassa 1  part, 

*iid  wash  in -fresh  water. 
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SECOND  OPERATION. 

Dip  into  a  cleansing  pickle  composed  of — 

Water 10  parts. 

Sulphuric  acid 1  part, 

and  rinse. 

THIRD    OrERATION. 

Plunge  for  a  few  seconds  into  the  following  mixture:— 

Nitric  acid  of  3(>^  Baunie,  yellow           .         .  100  parts, 

Common  salt 2     " 

Calcined  soot 2     *' 

and  wash  rapidly  in  abundance  of  water. 

FOrRTII    OrKRATION*. 

Di})  rapidly  into  the  following  mixture,  prepared  the 

day  lu^forc : — 

Yi'llow  nitric  acid  of  III) ^  IJuume        .         .         100  part?, 
Sulphuric  acid  of  00)-^  Haumu    .         ,         .  100    " 

(^nmmon  sjdt  .....  4     ** 

and  wash  very  rai)idly  in  fresh  water.* 

Firm    OPKIIATIOX. 

Tnuni»rs(^  tlir  articUs  for  a  few  st^conds,  or  until  they 
are  entin^ly  whitened,  in  a  solution  of — 

Vi'-AWr 100i>aris, 

Niir.iti*  of  nuTi'ury    .....  1  (mrt, 

with  tin*  adtliiion  of  sntlii'i«Mit   sulphuric  acid  lo  render  the  solutio"* 
clear  on  siirrin;j  with  a  '2la>'»  rnd. 

l\inse  in  fresh  water. 

SIXTH    i»PrKVTI'»N. 

hnnuuse  tlie  articles  in  tlie  bath,  tuuler  the  influence  ol 
a  weak  current,  and  at  the  expiration  of  a  quarter  of  a^^ 
hotu*  examine   c^ui^fully  eatli   supporting    rod.       If  tb^ 

"*-  Siuui'  operators  suhstituie  tor  the  tliir-l  antl  fourth  operations  scout- 
iniT  with  punnce-sione  |H>\\iler.  For  t!i»»  prepanition  of  Britannia* 
metal,  sierl,  etc..  si-e  our  description.  Cljapier  XXXI V.,  page  2^3. 
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re  being  coated  uniformly  and  without  spots  the 
1  is  allowed  to  proceed ;  on  the  contrary,  should 
L'-deposit  be  crystalline,  the  pieces  are  withdrawn, 

scratclArushed,  passed  through  a  hot  solution 
le  of  potassium,  rinsed  in  fresh  water,  plunged 
"  quicking"  solution,  rinsed  again,  and  then  re- 
i  the  silver  bath,  where  they  are  permitted  to  re- 
^il  they  have  received  the  quantity  of  deposit  de- 

upon. 

SEVENTH    OPERATION. 

urrent  is  arrested  for  a  few  minutes  before  the 
ire  withdrawn  from  the  bath,  in  order  that  the 
may  redissolve  the  subsalts  of  silver  deposited 
th  the  pure  metal, 

EIGHTH  OPERATION. 

^-e  from  the  bath,  wash  in  fresh  water,  and  then 
'  weak  pickle  of  sulphuric  acid. 

NINTH  OPERATION. 

h-bnish. 

TENTH  OPERATION. 

jh,  if  desired. 

>aths  for  electro-silvering  very  large  pieces,  or 
diverse  forms,  must  obviously  be  contained  in 
g  vats  of  appropriate  shapes,  the  soluble  or  in- 
anodes  being  placed,  sometimes  in  the  middle, 
?s  about  the  sides. 

rticles  when  removed  from  the  bath  have  a  dead 
hich  is  crystalline  and  micaceous  when  the  bath 
and  dull  and  earthy  looking  with  old  solutions, 
id  lustre  is  easily  scratched,  and  becomes  yellow 
ct  with  the  air.  In  order  to  preserve  its  freshness, 
be  covered  with  a  thin  coat  of  colorless  alcohol 
We  have  already  seen  that  an  article,  rendered 
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yellow  by  the  alteration  of  the  subcyaiiide  silver,  may  be 
i-estored  to  its  primitive  whiteness  by  the  combined  action 
of  heat,  borax,  and  a  feeble  solution  of  either  nitric  or 
sulphuric  acid ;  or,  more  simply,  by  an  immersion  for  a 
few  minutes  in  a  tepid  solution  of  cyanide  of  potassium, 
without  the  battery. 


CHAPTER  XXXMI. 

METHODS  BV  WHICU  THE  WEU:iHT  OF  DEPOSITED  SILVER 
IS  ASCERTAINED. 

To  ascertain  with  exactness  the  quantity  of  silver  d^ 
posited  upon  a  given  surface  and  in  a  given  timejfi*  anii^^* 

port  ant  (iroblem  for  the  silver  electro  plater  to  solr^* 
With  the  different  dispositions  previously  described,  ^^^^ 
cannot  arrive  at  very  correct  results^  and,  although  a  long 
practice  may  facilitate  the  operation,  there  is  always  m^^^ 
or  less  guesswork  and  uncertainty. 

\^'e  give  herewith  some  of  the  methods  employed  by 
electro-platers,  following  the  directions  given  by  Roseleuf- 
Let  us  supiiose  that  twelve  tablespoons  are  to  be  coated 
with  two  ounces  of  silver.  The  articles  are  cleansed  by 
the  processes  already  described,  then  dried  in  sawdust  o^ 
otherwise,  and  weighed  in  a  scale.  However  rapid  thi^ 
manipulation  may  be,  the  surface  of  the  metal  will  1*^  ■ 
slightly  oxidized  and  tarnished  by  contact  with  the  ting^i^ 
or  by  the  sawdust ;  and,  in  order  to  restore  their  fornu^'' 
brilliancy,  the  articles  must  be  Y>huiged  into  a  strong  pickl*^ 
of  sulphuric  acid,  and  then  into  the  "'quicking"  solnti(>ii*  | 
After  rinsing,  and  a  more  or  less  protracted  immersion  j 
in  the  bath,  the  operator  will  judge,  by  his  practical  exp^ 
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it  is  nearly  time  to  withdraw  the  spoons  from 
1.  He  thereupon  removes,  dries,  and  weighs 
eturns  them  again  to  the  bath  with  the  above- 
cautions  ;  and  this  operation  must  usually  be 
veral  times  until  the  proper  weight  of  silver 
|K)sited. 

iopt  this  plan :  they  cleanse  the  spoons  or  forks 
lem  immediately  into  the  bath,  except  one, 
?ated  as  above  and  is  used  to  control  the  oper- 
LS  piece  is  now  and  then  removed  from  the  bath 
1  its  increase  of  weight,  and  when  it  has 
>  correct  proportion  of  silver  as  determined  by 
Iculation,  it  is  assumed  that  the  balance  of  the 
e  also  received  their  proper  quantity  and  that 
m  is  complete. 

thods  are  obviously  defective  and  erroneous, 
place,  the  operation  is  tedious,  and  it  will  be 
out  of  a  thousand  if  the  correct  result  is  arrived 
the  quantity  of  silver  deposited  on  the  piece 
to  control  tlie  operation  will  be  materially 
the  condition  of  the  wire  from  which  it  is  himg, 
less  of  its  contacts  and  its  distance  from  the 
ai  which  it  will  be  apparent  that  the  most  erro- 
Its  may  be  reached,  if  the  quantity  of  silver 
)  be  deposited  upon  the  other  articles  be  calcu- 
the  increase  of  weight  of  the  test  piece.* 

amalgamated  articles  will  become  sensibly  oxidized  dur- 
5  which  precedes  their  weighing. 

ing  the  operation,  the  objects  have  been  dried  in  order 
he  proportion  of  deposited  silver,  they  should  not  be  re- 
bath  without  having  been  cleaned  in  a  hot  solution  of 
)tassium,  which  dissolves  the  grease  from  the  handling, 
through  the  "  quicking**  solution,  and  rinsed.  Alcohol 
ituted  for  the  hot  solution  of  cyanide,  but  the  results  are 
nd  the  expense  is  greater. 
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This  inconvenience  is  obviated,  and  the  precise  moment] 
when  the  given  proportion  of  silver  has  been  deposited 
may  be  recognized,  by  the  following  very  .simple  procedure. 

After  liaving:  removed  one  of  the  pans  of  an  ordinary 
balance,  substitute  for  it  a  metallic  frame  which  su|>- 
ports  the  articles  to  be  silvered,  and  which  communicate* 
throtigh  the  beam  and  coltunn  of  the  balance,  with  the 
negative  electrode  of  the  battery.  The  anode  is  connecledj 
witli  the  positive  pole  (Fig.  118). 

Fi-t.  118. 


L 


^J%' 


'WHien  the  articles,  spoons  and  forks  for  instance, 
peoded  from  this  frame,  are  placed  in  the  silvering  bath, 
the  equilibrium  of  the  balance  is  established  by  placing 
weiglits  in  the  other  pan.  The  quantity  of  silver  that  it 
is  intended  the  articles  shall  receive  being  determined,  the 
corresponding  ^weight  is  placed  in  the  scale-pan.  It  ii 
scarcely  necessary  to  add  that  the  operation  will  be  finishe 
wlien  the  equilibrium  of  the  balance  is  re-established 

This  method  is  not  mathematically  accurate,  since  the 
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cles  are  more  bulky  after  than  before  the  silvering 
cess;  nevertheless  it  is  sufficiently  exact  for  all  practical 
poses. 

1  careful  operator  will  employ  a  balance  for  each  bath, 
Bcially  when  silvering  spoons  and  forks.  The  sup- 
ting  frames  may  be  circular,  in  order  to  have  the  anode 
he  centre  of  the  bath  so  that  the  articles  shall  be  at 
al  distances  from  it  in  order  that  they  shall  all  receive 
game  amount  of  deposit.  The  central  anode  may  be 
forced  by  another  circular  anode  laid  on  the  sides  of 

Fig.  119. 


vessel,  so  that  the  articles  are  exposed  to  the  action 
le  current  on  both  sides.  Lastly,  tliere  is  no  difficulty 
>  disposing  a  signal  boll  in  connection  with  the  pointer 
be  balance  that  it  will  indicate  the  ])recise  moment 

21 
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when  equilibrium  is  established  and  the  operation  com- 
pleted (Fig.  119). 

We  see  that,  in  this  arrangement,  the  articles  to  be 
silvered  are  connected  with  the  n^ative  pole  through  the 
column,  the  knife-edges,  and  the  beam  of  the  balance. 
The  anwles  communicate  with  the  positive  pole  by  means 
of  a  conducting  wire  passing  through  the  column  of  the 
balance,  but  insidated  from  it  by  a  glass  tube  which  siu>    i 
rounds  it.     This  apparatus  may  be  modified  in  manj 
ways. 

An  apparatus  of  the  character  of  that  just  described, 
will  obviously  enable  the  operator  to  determine  with  great 
precision  the  weight  of  silver  deposited;  it  will  save  much 
labor,  it  will  economize  batter}^  power ;  and  finally,  where 
several  of  the  above-described  baths  are  employed,  there 
will  be  no  danger  of  a  complete  stoppage  of  work  by 
reason  of  a  faulty  bath,  which  is  frequently  the  case  where 
a  single  depositing  vat  is  used. 

Mechanical  devices  for  automatically  breaking  circui*^ 
when  the  predetermined  amount  of  silver  has  been  l^W 
on  articles  in  the  plating-bath,  and  for  indicating  the  f^^ 
by  signal,  or  otherwise,  are  numerous.  Some  of  tb^^ 
have  been  made  the  subject  of  patents,  and  in  vario^ 
modifications  such  devices  are  in  use  in  all  the  lafg^ 
establishments. 
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CHAPTER  XXXVIII. 

ROSELEUR'S  PLATING-BALANCE. 

A  PLATING-BALANCE  WHICH  DEPOSITS  WITHOUT  SUPERVISION, 
AND  WITH  CONSTANT  ACCURACY,  A  PREDETERMINED  QUAN- 
TITY OF  SILVER,  AND  WHICH  AUTOMATICALLY  BREAKS  CIR- 
CUIT WHEN  THE  OPERATION  IS  TERMINATED. 

We  describe  in  this  chapter  an  automatic  plating- 
>aJance,  designed  by  Koseleur,  a  very  elaborate  but  per- 
?ct  apparatus  for  its  intended  purpose.  We  give  the 
ascription  in  the  words  of  the  inventor. 

The  several  forms  of  plating-balance  in  general  use, 
io\igh  very  convenient,  are  still  imperfect,  for  the  reason 
*^n.t  the  operator  must  be  present  when  the  operation  is 
^T^ished,  in  order  to  withdraw  the  objects  from  the  bath, 
>^  to  arrest  the  action  of  the  battery.  Tlie  personal  at- 
^^ition  thus  demanded  is  not  always  possible,  and  is  fre- 
^^ently  irksome  and  inconvenient,  especially  where  baths 
^''^  kept  in  operation  day  and  night  which  will  deposit  a 
?^^t  excess  of  silver,  if  they  are  not  arrested  in  time. 

We  have  succeeded  in  avoiding  all  the  inconveniences 
■^^inted  out  by  means  of  the  plating-balance  about  to  be 
^^scribed. 

Of  the  four  sizes  of  this  apparatus  manufactured,  the 
tallest  is  sufficient  for  a  half-dozen  of  forks  or  spoons, 
^d  is  intended  for  the  use  of  amateurs,  chemical  labora- 
^^es,  etc. 

Xhe  Qther  three  sizes  are  designed  for  manufacturers. 
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and  will  carry  four,  six,  or  twelve  dozens  of  foib  ai 
spoons,  or  a  proportionate  quantity  of  other  articles. 

The  balance  designed  for  the  use  of  manufactureish 
the  following  parts  (Fig.  120) : — 

Fig.  120. 


1.  A  (Iqiositmg  vat  of  wood  lined  with  gutta-percl 
wlii(^h  renders  it  impervious,  and  which  is  not  acted  Uf 
by  th(*  bath. 

Around  the  upper  ledge  of  this  trough  is  carrie( 
brass  rod  attached  by  small  nails  penetrating  the  w 
through  the  gutta  percha.  This  rectangle  (Fig. ,121) 
a  screw  connection  at  one  extremity  for  attaching  the( 
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ducting  wire  from  the  positive  pole  of  the  battery,  and 
supports  the  several  anodes  suspended  in  the  liquid,  from 
cross-rods  of  brass,  by  means  of  hooks  of  platinum  wire. 


Fi;;.  12K 


» 


*l^i.e8e  cross-rods  have  tlieir  extremities  filed  fiat,  so  as 
^c>t:  to  roll,  and  to  increase  their  surface  of  contact  with 
til. ^3  brass  rectangle. 

2.  A  cast-iron  colunui  screwed  at  its  base  to  the  side  of 
*^*>^^  trough,  and  which  carries  near  the  top  two  projecting 
■^^*^**xis  of  cast  iron,  the  extremities  of  which  are  vtvrtical 
H**^ci  forked,  and  may  be  ojieued  or  closed  by  iron  chimps. 
^■^t*.«se  forks  are  intended  for  sustaining  the  lieanu  mid 
t**'^venting  the  knives  from  leaving  their  bearings  under 
'^o  influence  of  too  violent  oscilhitions. 
H  v\t  the  centre  of  the  two  arms  are  two  wedge-shaped 

"  ^^^esses  of  pohshed  steel  to  receive  the  kuife-edges  of  the 
^><=^n. 


L 
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One  of  the  arms  of  the  column  carries  at  its  enJ  i 
horizontal  ring  of  iron,  in  which  is  fixed  a  hea^jfjla 
tube  supporting  a  cup  of  polishi^d  in 
Fig.  122,         which  is  insulated   from  the  cohimn  (Fifl 
122).     This  cup  has  at  its  lower  prlij 
small  pocket  of  lamli-skin  or  of  Inclia-rub' 
^^  ber,  which,  by  means  of  a  screw  bencntl 

^l^^l  %         ma)  be  raised  or  lowered.     This  flcxil)W 
bottom  allows  us  to  lower  or  raisf*  at  wil 
the  level  of  the  merciu^y  introdurod  i 
wards  into  the  iron  cup.  Another  (latcn 
screw  permits  connection  to  be  made^ 
the  negative  electrode. 

3.   A  cast-iron  beam,  carrying  in  ^h 

middle  two  sharp  knifoedges  of  the  1 

steel,  hardened  and  polished.     At  each 

extremity  there  are  two  parallel  l>earing^ 

of  stet^l  separated  by  a  notch,  and  intended  for  the  knifi^ 

edges  of  the  scale-pan  that  receives  the  weiohts.  ami  tho>e 


Fijj*  123. 


Fig.  124. 


of  tlip  frame  supporting  the  articles  to  be  silvered, 
of  the  arms  of  the  beam  is  provided  with  a  stout  platiuti 
wire,  placed  immediate  ly  above  and  in  the  centre  of 


roseleur's  plating-balance. 


327 


p  of  mercury.  According  as  the  beam  inclines  one 
ly  or  the  other,  this  wire  plays  in  or  out  of  the  cup. 

4.  A  scale-pan  for  weights,  with  two  knife-edges  of  cast 
?el,  which  is  attached  to  four  chains  supporting  a  wooden 
n  for  the  reception  of  weights.  A  smaller  pan  above 
intended  for  the  weights  corresponding  to  that  of  the 
ver  to  be  deposited.  , 

5.  The  frame  for  supporting  the  articles  to  be  silvered, 
hich  is  also  suspended  from  two  steel  knifexcdges,  and 
le  rod  of  which  is  formed  of  a  stout  brass  tube  attached 
slow  to  the  brass  frame  proper,  which  last  is  equal  in 


mansions  to  the  opening  of  the  vat,  and  supports  the 
rious  cross-rods  bearing  the  articles. 
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6.  Lastly,  a  certain  iiiiiTil>cr  of  Hiispension  cross^rc 
(Fig.  123),  made  of  brass,  and  flattened  al  their  extremities 
so  ks  not  to  roll  and  to  have  a  larger  surface  of  contact. 
The  slinging  wires  are  of  copper,  and  are  soldered  with] 
tin  into  holes  drilled  for  tlieir  accommodation.  Thc^t^e  wirai  j 
are  bent  at  tlieir  extremities  in  such  a  manner  that  tlie 
fork  or  spoon  may  easily -be  inserted  or  removed.  Tig. 
1*24  represents  this  terminal  hook  in  full  size. 

The  straight  portion  of  these  wires  which  dips  into  the 
liquid  is  covered  with  a  small  tube  of  India-rubber,  which 
prevents  the  useless  deposit  of  silver  upon  them.  Tlu' 
looped  portions,  however,  become  coated  with  silver, 
which  may  be  removed  by  the  use  of  acids,  after  having 
raij^ed  the  India-rubber  tube. 

Fig.  125  represents  a  vertical  and  transverse  section  *>' 
the  depositing  vat,  when  in  operation. 


DISPOSITION  OF  THE  APPAHATUS. 


SO 


Thi*  vat  is  set  upon  four  blocks,  one  at  each  corner 
tliat,  having  a  free  circulation  of  air  mider  it,  the  liott^^^ 
wall  not  rot,  and  the  whole  is,  by  the  aid  of  a  spiril-leV^^^ 
set  pt*rfectly  horizontal. 

The  eoluniM  is  then  screwed  on,  and  made  vertical        < 
the  aid  of  the  plumb-hob.     After  liaving  withdrawn  t '^^' 
iron  clamps  from  the  forks,  the  beam  is  put  in  place  wi  f^^ 
great  precaution,  so  as  not  to  injure  the  knife-edges  whic/j 
rest  in   the  hearings  at  the  centre  of  tlie  column,     Tht' 
clamps  arc  then  put  in  place,  and  the  beam  should  nu^v 
oscillate  freely  uiHin  the  knife-edges  without  friction. 

Then  the  frame  supporting  the  articles  to  be  silvered, 
with  its  two  knife-edges^  is  put  in  place ;  and  finally  the 
ficalc-pau  with  its  knife-edges. 

A  small  quantity  of  mercury  is  then  poured  mto  the 
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six  bearings  where  the  knife-edges  rest,  until  all  the  pol- 
ished parts  of  the  latter  are  covered.  This  mercury  pre- 
sents the  following  advantages: — 

1.  It  prevents  the  corrosive  action  of  the  acid  vapors 
of  the  work-room  upon  the  polished  parts  of  the  knife- 
edges  and  their  bearings. 

2.  The  friction  is  lessened,  and  the  weighings  are  more 
correct. 

3.  It  considerably  increases  the  surfaces  of  contact  for 
the  passage  of  the  electric  current. 

4.  It  prevents  the  loss  of  temper  which  the  knife-edges 
would  otherwise  suflFcr  by  the  excessive  heat  to  which  they 
would  be  exposed. 

Lastly,  the  insulated  steel  cup  is  filled  with  mercury, 
until  the  point  of  the  platinum  wire  attached  to  the  beam 
just  touches  it  when  the  equilibrium  is  established,  that 
is  to  say,  when  the  index  marks  zero.  The  surface  of  the 
mercury  should  be,  now  and  then,  cleaned  of  any  dust 
which  may  prevent  the  passage  of  the  current.  The  small 
flexible  pocket  is  used  for  raising  or  lowering  the  level  of 
the  mercury,  and  thus  permitting  of  the  exact  adjustment 
of  the  balance. 

USE  OF  THE  BALANCE. 

1.  The  depositing  vat  is  filled  up  with  the  silver  bath 
to  within  a  few  inches  of  the  upper  edge. 

2.  The  anodes  are  hooked  upon  their  respective  rods, 
each  of  which  rests  upon  the  brass  rectangle  nailed  upon 
the  vat,  forming  a  connected  system,  communicating  by 
means  of  the  binding  screw  with  the  positive  electrode. 

The  silver  anodes  sliould  dip  entirely  into  the  liquid, 
otherwise  they  will  be  rapidly  cut  at  the  water  line,  while, 
with  complete  immersion,  the  platinum  supporting  wires 
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are  unacted  upon.*  The  anodes  are  placed  paralld  in 
each  other,  one  at  each  end  of  the  trongh,  and  the  inU't 
mediate  ones  are  about  S  to  10  inches  apart  in  order  U) 
leave  a  sufficient  space  for  two  cross-rods,  supporting  {\iv 
spoons  and  forks. 

3.  Two  transverse  wooden  bars  are  placed  under  the 
suspending  frame,  thus  insulating  it  from  contact  vTith  the 
anodes,  and   the  croNS-rods   supporting   the    objects  an* 
placed  upon  the  frame  in  such  a  manner  that  there  an* 
two  rods  for  each  space  between  two  silver  anodes,    Wc 
must  be  carefid  to  preserve  the  same  distance  between  the 
anodes  and  the  spoons  or  forks,  and,  in  order  to  avoid  iJl 
uncertainty,  the  positions  of  the  rods  for  the  anodes  and 
for  those  supporting  the  articles,  are  marked  with  a  file. 
It  is  evident  that  if  these  equal  distances  be  not  presen'ed^ 
the  articles   nearer   tlie   anodes  will   be  charged   more 
rapidly,  and  that  the  total  amount  of  silver  will  not  he 
equally  divided.     Furthermore,  since  two  rows  ol  objects 
are  situated  between  two  anodes,  the  surfaces  facing  the 
anodes  will  be  coated  more  rapidly.     It  is  necessary  thei^ 
fore,  during  the  operation,  to  change  the  position  of  the 
supporting  rods  end  for  end.     This  mani|>uhition  is  neo 
essary  if  only  a  single  row  of  articles  is  placed  between, 
and  at  equal  distances  from,  two  silver  anodes. 

Before  being  introduced  into  the  bath,  the  articles  should 
be  thoroughly  cleansed  and  '*  quirked."  For  the  rapid 
and  easy  handling  of  forks  and  spoons  during  these  opera^ 
tions,  a  convenient  holder  (Fig,  126)  is  sliown  herewith, 

*  Tliese  anodes  are  plates  of  pure  laminated  silver,  ami  should  lit 
at  least  as  Uigh  a*^  the  articles  to  b*'  silvered.  Their  width  h  (nm  1 
to  1^  inches  less  than  that  of  the  vat.  Aa  it  often  happens  tliftt  the 
rolls  have  left  upon  the  silvt^r  tmces  of  greatie  and  of  oxide  of  iron^tlie 
plates  should  be  heated  to  a  dull  red  and  cleansed  before  uaing*  or» 
simple  cleairsing  in  boiling  lye  h  sufficient. 
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^made  of  gutta-percha,  and  composed  of  a  handle  attached 
a  plate  having  twelve  notclics  sufficiently  narrow  at 
Itheir  entrance  to  allow  of  the  introduction  of  the  forks 
land  spoons  by  tlicir  thin  edges  only*     From  the  entrance 


Fig.  126. 


Fiff.  1^7. 


vu 
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the  notches  gradually  widen,  so  that  the  forks  and  spoons 
Lwhen  introduced  will  j^taud  upriglit  by  their  own  weight. 
fThe  edges  of  the  notches  are  likewise  bevelled,  in  order 

to  diminish  their  surface  of  contact  with  the  metal  to  be 
[cleansed. 

When  twelve  spoons  or  forks  have  been  cleansed  in 
[boiling  lye,  and  passed  through  the  acid  pickle^  they  are 
[suspended  to  this  support,  and  successively  dipped  into 
[aqua  fortis.the  mixed  acids,  and  the ''' quicking"  solution, 
[The  holder  and  its  contents  are  then  plunged  into  a  large 
I  tub  filled  with  water,  when,  by  giving  it  a  sudden  down- 
lantl-np  motion,  the  articles  are  released  and  fall  from  the 
Itiotches, 

This  gutta-percha  holder  is  scarcely  attacked  by  the 

*leansing  acids,  and   presents  the  advantage  of  giving 
lore  rapidity  in  the  operation,  great  cleanliness,  and  a 

iensible  economy.     Two  of  these  supports  are  necessary; 
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one  of  which  is  being  filled  while  the  other  is  being  pa^t^d 
through  the  cleansing  acids. 

When  all  the  articles  for  the  same  bath  are  thus  pre- 
pared they  are  snspended  from  the  rods.  This  labor ii 
made  easy  by  supporting  each  rod  at  its  extremities  upon 
two  long  hooks  fixed  ta  the  wall,  and  then  introdunn? 
each  piece  into  the  hook  of  the  slinging  wire. 

When  a  rod  is  thus  charged,  it  is  taken  by  its  cxtnmi- 
ties,  and  the  suspended  articles  are  plunged  first  into 
qiiicking  solution,  or  very  dilute  sulphuric  acid,  theuinto 
a  bath  of  fresh  water,  and  lastly  into  the  silvering  biitli 
T\w  operation  is  repeated  with  the  other  rods, 

AVhen  the  bath  is  filled  with  the  articles,  the  woodea 
box  is  weighted  imtil  the  equilibrium  of  the  balanax  k 
established,  wiien  the  index  marks  0.  The  wooden  ban 
whicli  prevent  the  supporting  frame  from  resting  din^dv 
upon  the  trough,  and  thus  making  contact  with  the  anodes^ 
are  raised  up. 

The  equilibrium  of  the  balance  is  now  destroyeil  bj 
placing  upon  tlie  intennediate  scale-pan  a  weight  eipial 
to  that  of  the  silver  which  w^e  desire  to  deposit  on  all  the 
articles.  Following  the  inclination  of  the  beam,  the  pla* 
tinum  wire  attached  to  it  penetrates  the  mercur}'  containtKl 
in  the  iron  cup ;  and  it  is  then  sufficient  to  connect  the 
battery  with  the  apparatus  by  the  two  conducting  wires 
communicating  rt^spt^'tivt^ly  with  the  cup  and  the  an<xlei 
in  order  to  cominenre  plating. 

It  will  he  readily  understood  from  the  foregoing  de- 
scription that  when  the  articles  have  been  coated  with  a 
proportion  of  silver  equal  to  the  weight  in  the  pan  on  iht 
other  side  of  the  lieam,  the  equililiriuni  of  the  balance 
will  be  re-established,  and  fhe  platinum  whv  will  be 
raised  out  uf  the  mercury,  thus  breaking  tlie  electric  ci^ 
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cuit,  and  stopping  the  deposition  of  silver,  precisely  as  if 
one  of  the  conducting  wires  had  been  cut. 

The  operation  will,  therefore,  run  its  course  without 
personal  surveillance  or  attention;  and,  what  is  more, 
the  results  will  not  be  modified,  whatever  be  the  length 
of  time  the  articles  remain  in  the  solution.  An  excess 
of  silver  cannot  be  deposited,  since  there  is  no  electric 
current ;  on  the  other  hand,  should  the  bath  dissolve  a 
certain  proportion  of  the  deposited  silver,  the  articles 
become  lighter,  and  the  equilibrium  of  the  balance  is 
again  broken,  resulting  in  the  platinum  wire  re-entering 
the  mercury,  and  closing  the  circuit  anew.  We  have 
therefore  a  series  of  oscillations,  due,  on  the  one  hand,  to 
a  slight  excess  of  the  electro-deposit,  and  on  the  other  to 
its  partial  solution  in  the  cyanide,  and  the  result  is  that 
the  amount  of  the  deposited  silver  remains  within  the 
proportions  determined  upon  in  advance. 

GENERAL  DIRECTIONS  FOR  KEEPING  THE  PLATING-BALANCE 

IN  ORDER. 

When  a  silvering  operation  is  complete,  the  weights 
should  be  carefully  removed  from  the  scale  pan,  in  order 
that  the  supporting  frame  carrying  the  silvered  objects 
shall  come  to  rest  gently  and  squarely  upon  the  vat. 
Any  violence  in  this  operation  may  endanger  the  knife- 
edges.  The  rods  with  the  articles  may  then  be  easily 
removed. 

The  parts  of  the  apparatus  which  demand  the  greatest 
cleanliness  are  the  two  binding  screws  through  which  the 
current  is  transmitted  ;  the  points  of  contact  of  the  rods 
carrying  the  articles,  with  the  supporting  frame ;  and  lastly 
those  of  the  anode  rods  with  the  rectangular  brass  rod 
fixed  to  the  vat. 

Acids  should  never  be  used  for  cleansing  any  part  of 
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the  apparatus*  The  best  substances  for  the  piipo^e  m 
sand  and  emery  paper,  or,  preferably,  a  rag  with  fimlr 
powdered  pumice-stone  or  ashes. 

The  apparatus  should,  in  all  rases,  bo  handled  ^vvMy 
as  any  rough  usage  will  be  apt  to  endanger  the  sharpne* 
of  the  knillv^dges ;  and,  lastly,  the  apparatus  shoulJ  d<JI 
be  called  on  to  carry  a  greater  weight  than  that  for  whkh 
it  is  intended. 


CHAPTER  XXXIX. 


BURNISHING, 

BuRNTSiiiXG  is  the  oix?ration  by  whicli  the  asperities <5f 
surface  irregularities  of  an  object  are  flattened  down  ^ 
friction,  witli  an  instrument  called  the  burnisher, so  W 
all  the  molecules  of  the  surface  are,  as  far  as  practicaWf^ 
levelled  to  the  same  plane  wiiicli  then  reflects  the  W"^ 
as  does  a  well-polished  mirror. 

Burnishing  is  therefore  an  important  operation  forii^* 
proving  the  appearance  of  electro-deposits,  which  art'  ^"^^^ 
stituted  by  the  juxtaposition  of  a  multitude  of  smaller?'' 
tals  with  vacant  spaces  between  them,  and  with  faa^tsP^ 
fleeting  tlie  light  in  every  direction.     There  is,  moito^^^^ 
a  great  advantage  in  flattening  down  these  crystals,  a* ^J 
so  doing  we  close  the  meshes  of  the  network  presfO^^ 
by  all  deposits  obtained  by  the  humid  way.     The  dcjwsit*^ 
metal  is  at  the  same  time  liardened,  and,  so  to  speak,  fi»r<^ 
to  penetrate  hito  the  pores  of  the  undeidying  metal.    ' 
dumbility  of  the  coating  is  thus  increased  to  such  an  cxti' 
that  there  is  no  exaggeration  in  affirming  that,  with  > 
same  amount  of  silver,  a  burnished  article  will  last  t\^ 
as  long  as  one  which  has  not  been  so  treated. 
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The  instruments  employed  for  burnishing  are  made  of 
various  materials,  but  all  of  them  must  fulfil  the  requisite 
conditions  of  great  hardness  and  a  perfect  polish. 

Hardened  cast-steel  and  several  varieties  of  quartz  such 
as  agate,  flint,  and  blood-stone,  answer  the  purpose.  For 
burnishing  metallic  electro-deposits,  steel  and  blood-stones 
are  especially  used.  There  are  several  qualities  of  blood- 
stone. It  should  be  hard,  and  must  have  a  close  texture 
without  seams  or  veins ;  it  should  leave  no  white  lines  on 
the  burnished  parts,  nor  take  off"  any  metal,  and  its  color 
should  be  of  an  intense  black-red.  Burnishers  of  steel 
must  have  a  fine,  close  grain,  and  be  susceptible  of  taking 
perfect  polish.  Should  the  polish  of  any  of  the  burnishing 
tools  become  impaired  by  use,  it  is  restored  by  friction 
upon  a  pad  of  skin  or  leather  attached  to  a  wooden  block, 
which  is  fixed  to  the  bench  by  four  protruding  points  of 
iron  (Fig.  128).    The  pad  is  charged  with  polishing  rouge 

Fig.  128. 


(colcothar,  sesquioxide  of  iron),  in  impalpable  powder,  or, 
preferably,  with  pure  alumina  obtained  by  the  calcination 
of  ammonia  alum.  Venetian  tripoli;  rotten-stone,  putty- 
powder,  emery,  and  many  other  hard  substances  in  a  state 
of  fine  division,  may  also  be  employed. 

The  shapes  given  to  burnishing  tools  are  various  (Fig. 
129).  Some  are  lance-shaped,  others  resemble  a  tooth, 
or  a  knife;  others  imitate  a  hind's  foot,  the  olive,  a  half 
sphere,  a  dog's  tongue,  etc.  etc.  A  considerable  stock  of 
these  instruments  is  necessary. 

The  burnishing  operation  is  divided  into  two  distinct 
parts :  the  first  consists  in  roughing,  and  the  second  in 
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finishing.     The  tools  are  also  of  two  kinds :  the  first  pre- 
sents quite  a  sharp  edge,  whereas  the  latter  has  a  rounded 


Fig.  129. 


I 


lU 


h 


u  \ 


i 


surface.  An  experienced  worker  cannot  be  induced  to 
part  with  a  good  burnishing  tool,  since  he  is  so  fully  cog- 
nizant of  its  value  for  rapid  and  successful  work. 

Tlie  operation  is  conducted  in  three  different  modes: 
by  hand,  on  the  lathe,  and  by  the  arm.  The  tools  fortte 
hand  or  tlie  lathe  are  fixed,  by  means  of  copper  ferruH 
to  wooden  handles,  cylindrical  and  short,  in  order  that 
the  hand  be  not  influenced  by  their  weight.  On  the  con* 
trary,  the  tools  for  the  arm  or  the  vise  are  fastened  to 
wooden  handles  suflRciently  long  to  rest  their  slender  p^ 
upon  the  arm  or  the  shoidder,  whereas  the  stouter  po^ 
tion  is  grasped  by  the  hand. 

The  burnisher's  tool  and  the  objects  are  frequeuuy 
moistened  with  certain  solutions,  some  of  which  simp! 
facilitate  the  sliding  of  tlie  instrument,  while  the  o\h^ 
have  a  chemical  action  which  affects  the  shade  of  tl* 
burnished  articles.  The  first  category  comprises  pflC 
water,  solutions  of  soap,  decoctions  of  linseed,  and  iofr' 


BURNISHLVG^ 


337 


sions  of  the  roots  of  marshmallow  or  liquorice;  the  second 
includes  wine-lees,  cream  of  tartar,  vinegar,  alum-water, 
etc. 

»To  burnish  the  gold  applied  upon  electro-deposits  of 
copper  (as  is  the  case  in  dead  gilding  by  that  method),  it 
should  simply  be  wet  with  saliva,  for  fear  of  producing  a 

■  disagreeable  red  shade.     A  solution  of  dark  soap  is  gene- 
rally preferred  by  operators,  although  when  old  it  imparts 

iau  unpleasant  tinge,  due  to  the  decomposition  of  sulphur 
compounds,  that  it  often  contains. 
In  some  establishments,  in  which  plated  table-ware  in 
large  quantity  is  turned  out,  ingeniously  devised  burnish- 
ing  machines  driven  by  power  are  in  use,  by  which   much 
oj'  the  manual  labor  is  spared.     Without  an  illustration 
t      would  be  useless  to  attempt  a  description  of  these  ma- 
^iiines.     The  knife,  spoon,  etc.,  each  sup]>orted  by  its  tips 
l^^     a  suitable  holder,  are  slowly  rotated,  while  the  burnish- 
^^  tool  moves  quickly  over  the  siu'face,  performing  the 
^^iDrk  rapidly  and  satisfactorily, 

■  \\'lien  the  burnishing  is  completed,  the  surface  is  wiped 
^^  longitudinally  with  an  old,  soft,  calico  rag  ;  sawdust, 
*^*-Td  cloth,  and  tissue  paper  produce  streaks. 

»The  finish  obtained  by  bumishiiig  is  satisfactory  when 
:i"eflects  the  luminious  rays  like  a  mirror.  Shoidd  the 
P^^'^sence  of  mercury,  or  a  bad  deposit,  or  any  other  cause 
E***^svcnt  the  tool  from  producing  a  bright  surface,  the 
^'^^^Ject  is  said  to  be  greasy. 

Articles  which  have  been  previously  polished,  such  as 
*^^«1  mountings  of  lady's  hand  bags,  and  the  like,  and 
^^^ich  generally  receive  a  mere  film  of  electro-deposit, 
*^^^^  not  burnished,  but  simply  rubbed  with  a  chamois  skin 
^^^  rouge  of  the  finest  quality. 

On  the  other  hand,  electro-deposits  that  are  too  thick, 
that  have  been  laid  too  rapidly,  cannot  be  burnished > 
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l)ut  are  polished  on  the  buffing-wheel — a  wheel  made  of 
a  large  number  of  circular  disks  of  cloth,  held  firmly 
together  by  flanges  of  wood,  and  mounted  on  a  spincUe-^^ 
or  by  rubbing  with  a  skin  impregnated  with  a  mixtur^" 
of  oil  and  some  hard  powder,  like  piimice-stone,  tripoli, 
putty-powder,  rouge,  etc.  Coarse  powders  are  used  at 
the  beginning,  and  finer  ones  at  the  end  of  the  operation. 

There  is,  therefore,  a  great  difference  between  polisb 
ing  and  burnishing,  since  the  former  levels  the  surface 
by  removing  the  asperities,  whereas  the  latter  crusli< 
and  flattens  them. 

Polished  silver  deposits  are  more  agreeable  to  the  ey 
than   burnished   ones ;  but  the   hardening  of  the    lattei 
renders  them  more  durable. 


CHAPTER  XL. 
''  stopping-off"  tarnishes. 


'' Stoppixg-off"  is  the  mfiuipidation  by  which  certain 
parts  of  a  metallic  article  (\vliieh  may  be  already  covered^ 
with  an  electro-deposit  on  itB  whole  surface)  are  coated  witVi 
another  metal  For  instance,  if  it  be  desired  to  gild  tl^^ 
parts  in  relief  of  an  olyect,  tlie  body  of  which  is  silverc^^^ 
the  other  portions  are  "  stopped-oif,"  and  vice  ver^^ 
This  operation  is  easily  performed,  and  simply  requur^^ 
a  little  practice  and  care,  and  especially  a  firm  har^^^^ 
to  make  thin  lines  with  the  hair  penciL  ^ 

The  method  of  procedure  is  as  follows ; —  ^ 

After  having  thoroughly  scratch-brushed  and  wiped  C^^ 
the  object,  the  parts  which  are  intended  to  remain  wiC^ 
the  primitive  color  are  covered  by  means  of  a  brush  wi! 
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a  ^^  stopping-off  ^^  varnish,  which  is  dried  in  the  air,  or  in 
a  stove,  or  over  a  gentle  fire  until  it  no  longer  sticks  to 
the  fingers.  The  object  is  then  ready  to  be  put  into  the 
bath. 

"Stopping-ofF"  varnishes  are  generally  solutions,  in 
boiled  linseed  oil,  or  essence  of  turpentine,  of  certain 
resins,  like  copal,  elemi,  gallipot,  etc. ;  and,  as  these  var- 
nishes are  not  sufficiently  colored  to  distinguish  the  places 
uvhere  they  have  been  laid  on,  they  are  mixed  with  a 
certain  proportion  of  red-lead,  or,  preferably,  chrome- 
yellow  (chromate  of  lead),  which  at  the  same  time  en- 
hances their  drying  properties.  The  coloration  of  the 
varnish  may  also  be  produced  with  artificial  ultramarine, 
or  Prussian  blue. 

For  a  varnish  that  will  resist  the  solvent  power  of  the 
hot  alkaline  gilding  liquid.  Gore  {Electro-Metallurgy^  182) 
recommends  the  following  composition,  viz : — 

Translucent  resin 10  parts. 

Yellow  beeswax fi     " 

Extra-fine  red  sealing-wax    .         .         .         .         4     " 
Finest  polishing  rouge  .         .         .         .         3     " 

A  general  receipt  for  a  varnish  by  the  same  author  is 

*'  hest  quick-drying  copal  varnish,  with  some  peroxide  of 

^1*011,  or  ultramarine  mixed  with  it,  for  *  stopping-off '  in 

hot  cyanide  solutions;  or  mixed  with  chromate  of  lead,  if 

^x  use  in  cold  liquids.     It  dries  in  about  three  or  four 

*^c>ur8."     It  is  manifest  that  compositions  for  this  purpose 

'^^  be  varied  almost  indefinitely,  according  to  the  con- 

^^^^ience  or  personal  preference  of  individual  operators. 

It  is  evident  that  the  galvanic  deposit  will  coat  only 
^^088  parts  unprotected  by  the  varnish.  As  far  as  prao- 
^^^^ble,  the  temperature  of  the  bath  should  be  low,  and 
^*^^  current  weak,  for  fear  of  having  frayed  lines  along  the 
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edges  where  the  deposit  touches  the  varnish,  m  omis^* 
qnence  of  the  latter  becoming  softened,  or  from  giis  bubbles 
which  are  disengaged  at  the  negative  pole  under  the  i 
tion  of  a  sti'otig  electric  cm  rent,     WTien  the  de|)o?il 
completed,  the  vaniish  is  removed  with  w^arm  essence  ( 
tm  pen  tine,  and  after>fards  with  tepid  alcohol;  but  it  i| 
preferable  to  use  gasoline  or  benzole,  which  dissolve  rap 
idly,  and  in  the  cold,  nearly  all  resinous  and  fatty  bodic 
and  which  volatilize  readily.     The  vamisli   may  also 
destroyed  bv  a  brief  immersion  in  conrentratc^d  sulnliurifl 
acid  when  cold. 

It  often  happens  that  several  colors  and  metals 
associated  upon  the  mme  object,  such  a$  silvering.  In 
bright  and  dead ;  gilding,  yellow,  green,  red,  white,  or  pin 
and  platinum,  etc,  Tlie  choice  of  the  combinations  wl 
will  appear  the  most  pleasing  is  for  the  artist  to  dctennio 
We  have  already  stated  in  the  chapter  on  ''stopping-* 
varnishes,  which  follows  tlie  gilding  processes,  that  sud 
variiisbes  were  employed  for  avoiding  the  deposit  of 
precious  metals  where  their  presejice  w ould  be  useless  1 


CHAPTER  XLL 

ORNAMENTING  PLATED  SURFACES. 

OLD  (antique)  silvering **  OXIDIZED"  SrL\^B Nl 

SILVERING DEAD  SILVER — SATIN  FINISH. 


Old  {Antique)  Silvering, — Articles  silvered  by  the 
way  may  be  given  a  imtina^  or  antique  appearance,  I 
various  methods,  of  whieh  several  are  described  in  wl 
follows, 

Thi8  operation  consists  in  imparting  to  silvered  articW 
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[certain  tints  resembling  those  of  old  artistic  productions 
[made  of  solid  silver.  With  this  olyect,  the  groundwork 
and  hollow  portions,  whicii  are  not  snbjert  to  friction,  are 
[covered  witli  a  blucki^h-red  and  earthy  coatinEi:,  while  the 
[parts  in  relief  are  left  with  a  leaden,  but  brilliant  lustre. 

This  operation  is  very  simple.  A  thin  magma  of  finely 
[powdered  plumbago  (black  lead)  with  spirits  of  turpen* 
tine  (to  whirh  a  smnll  ]>roportif>n  of  red  ochre  is  some- 
jtimes  added,  for  imitating  the  coppery  tinge  of  certain  old 
Iverware)  is  smeared  all  over  tlie  articles.  After  drying, 
pigentle  rubbing  with  a  soft  brush  removes  the  parts 
rithout  adherence ;  and  the  reliefs  are  set  off  (discharged) 
^by  means  of  a  rag  dipped  into  alcohoL  Old  silrer  is  of  a 
pleasing  appearance  upon  objects  imitating  antique  cups, 
cliandclicrs,  vases,  statues, ^tc» 

Old  silver  is  easily  removed,  and  the  primitive  bright- 
^ness  of  the  metal  restored,  by  the  use  of  a  hot  solution  of 
caustic  potassa,  or  cyanide  of  potassium.     Benzole  may 
[also  be  employed. 

In  order  to' impart  the  old  siher  tinge  to  small  articles, 
guch  as  buttons,  rings,  etc.,  they  are  agitated  in  the  above 
mae^na,and  then  "^^  tumbled"  with  a  large  quantity  of  dry 
sawdust  until  the  desired  shade  is  obtained. 

A  great  many  operators,  at  the  present  day,  proiUice 
[the  antique  silvering  by  beginning  with  the  oxidizing 
[process  about  to  be  described,  and  setting  off  the  n^liefs 
iby  means  of  a  hard  brush  and  ])u mice-stone,  or  Spanish- 
I  white.  This  last  process  is  almost  exclusively  used  for 
[metallic  niountings  of  books  and  albums. 

Oxidized  Silver, — This  term  is  a  misnomer,  since  the 
jperation  involves  not  an  oxidation,  but  a  combination 
li^'ith  sulphur  or  chlorine.     We  have  retained  the  word, 
limply  because  it  has  been  consecrated  by  custom. 

It  is  wdl  known  that  sulphur,  soluble  8ul[ihides,  and 
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hycirosulphuric  acid  (siilphuretted-hydrogen)  blacken  i 
ver.     Tills  phenomeuou  may  lie  noticed  every  day  in  tbd 

action  upon  tins  metal  of  the  yolks  of  eggs  (especially  i*uch 
as  have  lost  their  freshness),  noxioui^  gases,  etc  It  i^  al^ 
known  (and  the  art  of  photography  is  based  iijion  thil 
phenomenon)  that  insoluble  silver  salts,  and  particularlj 
the  cliloiide  of  this  metal,  rapidly  blacken  iiuder  the  ioi 
iiuence  of  solar  light. 

It  is  thns  easy  to  blacken  silver,  and  consequeutly  1 
"oxidize"  it  (using  the  word  in  its  conventional  sen^)j 
by  treating  it  with  one  of  the  reagenti*  above  namd* 
We  may  use  vapors  of  sulphur,  hydrosulphuric  add  (fm 
or  combined),  liver  of  sulphur  or  other  polystjplii  ^^ 
hypochlorite  of  lime  (bleachiug-powder),  or  Javelle  u;: 
In  the  majority  of  cases,  heat  will  lie  required  to  R*mte 
tlie  action  of  these  substances  more  rapid, 

The  operation  is  generally  conducted  as  follows: — 

Four  or  five  one  tliousuodths  (that  is  to  say,  -lor  5  prtv 
to  the  thousand)  of  sulphide  of  ammonium,  or,  preferuhlj. 
of  pentasulphide  of  potassium  (liver  of  sulphur)  are  udki 
to  ordinary  water  brought  up  to  a  temperature  of  aW  i 
IdU"^  to  175°  F.  As  soon  as  the  articles  arc  dipiid  'v^^ 
this  solution  they  become  covered  w^th  an  iridesi^cut  iili^ 
of  sUver  sulphide^  which,  after  a  few  seconds  more  in  ti* 
liquid,  becomes  blue-black.  The  article  is  then  reniovw  | 
from  the  w^ater,  rinsed,  scratch-brushed,  and,  if  ncc€ 
burnished* 

As  far  as  practicable,  liijuiil  should  be  used  at  ootf  I 
after  its  preparation,  otherwise  the  prolonged  heat  wl 
precipitate  too  much  sulpluir,  and  the  deposit  will  1*^| 
wanting  in  adherence  to  such  an  extent  that  it  iiiay^i 
removed  with  the  finger,  Iea\'ing  after  it  a  red  tinge 
sembling  copper,  although  the  material  may  be  brass  ( 
German-silver.     Moreover,  the  "  oxidation"  obtained  iJ^I 
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the  freshly  prepared  liquid  is  always  brighter  and  blacker 
than  that  produced  in  old  solutions,  which  is  invariably 
dull  and  gray. 

If  the  coating  of  silver  be  too  thin,  and  the  liquid  too 

strong,  the  alkaline  sulphide  dissolves  the  silver,  and  tlie 

underlying  metal  (copper,  etc*)  is  laid  bare.     In  this  case, 

H     We  are  obliged  to  cleanse  and  silver  again,  and  to  use  a 

V      Weaker  blackening  solution, 

^L  The  silvt;;nng  obtained  with  the  paste  previously  de* 
^m  scribed,  exhibits  the  ''oxidized^'  effect  very  well. 
^M  The  same  object  is  often  oxidized  and  gilded  by  the 
p  following  method  :  After  the  whole  surface  has  been  gilded 
'  certain  portions  are  "  stopped-off "  by  covering  witli  var- 
^ish  in  order  to  silver  the  remainder.  Should  the  process 
^f  silvering  by  paste  be  employed,  the  gilding  should  be 
B^'^ry  pale,  because  it  is  not  preserved,  and  is  deeply  red- 
■d^ried  by  the  sulpliurons  liquid,  \\ljen  this  inconveni- 
BMioe  occurs  from  a  ttxj  concentrated  liquid,  it  is  partly 
B^^'^cdied  by  mpidly  washing  the  article  in  a  tepid  sohition 

^^  Oyanide  of  potassium. 

■^  '^''he  **  oxidation'*  by  sidphur,  we  have  said,  is  blue-black, 

**  ^ir  a  number  of  years  another  coloring,  called  deep  hhick^ 

^^^  been  substituted  for  it,  wliieh  may  be  obtained  directly 

^l>oii  cleansed  copper.     The  manipulation  is  very  simple, 

^nd  is  as  follows:  from  100  to  150  parts  of  hydrous  car- 

^^^^ate  of  copper  are  dissolved  in  a  sufficient  quantity  of 

^^*^^ia  ammonia,  and  the  cleansed  articles  of  copper  are 

^l^idly  plunged  into  this  solution,  cold  or  tepid,  where 

^^y  become  instantaneously  covered  with  a  fine  black 

^Posit.     This  coat  is  so  thin  that  burnished  articles  look 

^^^  though  varnished  black, 

H        Similar  effects  may  also  be  obtained  by  depositing  on 

B  ^uc;  surface  of  the  article,  or  on  certain  portions  thereof,  a 

^Oi  of  metallic  platinum.     The  platinum  solution  is  pre- 
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pared  by  dissolving  a  certain  quantity  of  the  metal  in  aqiu 
regia,  evaporating  the  resulting  chloride  to  dryness,  and, 
when  cold,  dissolving  the  mass  in  a  small  quantity  of  siil- 
phuric  ether  or  alcohol  This  solution  is  applied  wiilu 
brush  to  the  parts  of  the  surface  to  be  oxidized.  The  ?ipint 
or  ether  almost  instantly  evaiwrates,  leaving  a  film  of  pint- 
inura  behind  which,  according  to  its  thickness,  imprt* 
either  a  steel-gray  or  nearly  black  lustre  to  the  i>iirfare 
Instead  of  the  ethereal  or  alcoholic  solution,, a  hot  w]\i^ 
ous  solution  of  the  platinic  chloride  may  be  used  nitk 
equally  satisfactory  resiUts.  (Consxilt  Platinizing  bySifli* 
pie  Immersion,  C?hap,  XLTV.,  p.  357,) 

Dr.  Eisner  (Chem.  tech.  Mittheib/ngen)  produrt"^  « 
brownish  tint  on  plated  goods,  by  applying  to  the  surfiif^ 
a  solution  of  sal-aramouiac,  and  a  finer  tint  by  means  of  i 
solution  of  equal  parts  of  sulphate  of  copper  and  sal^uiroO' 
niac  in  %inegnr.  For  a  fine  black  effei't,  the  same  author 
uses  a  warm  solution  of  sulphide  of  potassium  or  sotii»iii»' 

Watt  (Eleclro-Metalbirgi/^  134)  gives  the  following;  f«^ 
mula,  which  is  a  modification  of  that  of  Eisner  abov» 
given,  viz : — 


Sill  ptm  re  of  copper 
Sal-am  moniae        *         * 
Nitrate  of  potussium  (  salt  pet  rtf) 


1  \y&TL 


Dissolve  in  a  little  acetic  acid,  and  apply  with  a  camelV 
hair  brush  to  the  surfaces  to  be  "oxidized,"  The  article 
should  be  slightly  warmed  before  appljing  the  mixHin*. 
Feam's  procedure  for  imparting  a  pink  coloration  on 
silver  surfaces,  consists  in  immersing  the  article  for  a  f^^ 
seconds  in  a  hot,  concentrated  solution  of  chloride  of  cop* 
per  (cupric  chloride).  The  article  must  then  l>e  well 
washed  in  wafer  aiul  dried,  or  may  be  dipped  in  alcuholi 
and  the  spirit  allowed  to  burn  otF* 

*^  Oxidized'*  silvering  is  intended,  in  many  cases,  as  a  «ii 
stitute  for  the  nielled  silver,  of  which  a  description  follow 
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"-^^ Dead^^  Siher, — A  very  pleasing  "dead"  appnarance, 

which  resembles  frosted  silver,  may  be  obtained  on  plated 

articles^  by  depositing  a  blush  of  copper  on  the  surface 

in  a  sulphate  of  copper  solution,  and  laying  a  very  thin 

coat  of  silver  over  the  copper. 

Satin^FlniaJL — The  sand-blast  h  in  use  in  certain 
establishments  to  produce  the  peculiar  dead,  lustrous 
finish,  known  technically  as  satin-fiuish,  on  plated  goods;) 
9-  template  of  some  tough  resistant  material,  like  vul- 
caxiized-rubber,  is  made  of  the  proper  design,  and  when 
plsiced  over  the  article  protects  the  parts  winch  it  is  desired 
t^o  leave  bright,  from  the  depolishing  action  of  the  sand; 
^^Hile  only  the  open  portions  of  the  template  are  exposed 
to   the  blast. 

The  apparatus  employed  for  this  purpose  consists  of 

%^'ooden  hopperwith  a  longitudinal  slit  below,  through 

^vHich  a  stream  of  fine  sand  is  allowed  to  fliU  by  opening 

1^     sliding  cover.     Closely  surrounding  the  base   of  tlie 

riloppc-r  is  a  rectangular  trunk  of  wood,  extending  some 

•distance  below  the  Ixise  of  the  hopper  and  tapering  to- 

('^^a.rds  the  bottom,  to  concentrate  the    sand  jet.     This 

tt^fik  is  closed   about   the  sides  of  the  hopper  and  open 

*^^1qw,  and  is  designed  to  direct  the  strc^am  of  sand  upon 

tn^   surface  of  the  article  presented  beneath  its  orifice* 

To    increase  the  rapidity  of  the  depolishing  action  of  the 

l^nd,  a  current  of  air  under  regulated  pressure  is  admitted 

^to  the  upper  part  of  the  trunk,  whicli,  when  the  sand 

"^"^alve  is  o]>ened,  propels  it  with  more  or  less  accelerated 

^^locity  upon  the  metallic  surtace  below.     For  this  pur- 

P^se^  either  a  "blower/'  or  an  air-compressor  with  accum- 

^l^itor  may  be  used ;  and  the  pressure  may  be  regulated 

^^    will.     The    santl    is   thus    driven    with   more  or  less 

"^^^Wity  down  the  trruik  by  the  air-blast  admitted  ahove, 

^^d,  falling  upon  the  surface  of  the  article  presented  at 
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the  bottom,  rapidly  depolishes  the  exposed  parts,  while 
those  protected  by  the  template  are  not  affected.    The  arti- 
cles are  presented  at  the  orifice  of  the  trunk  by  the  hand^ 
of  the  operator,  which  are  suitably  protected  by  gloves, 
and  as  rapidly  as  the  de polishing  proceeds  he  turns  the 
article  about  until  the  work  is  done.     The  progress  of 
the  work  is  viewed  through  a  glass  window  set  in  a  hori* 
zontal  table  which  surrounds  the  apparatus  and  which 
forms  tlie  top  of  a  large  box,  into  which  tlie  sand  falls,  and 
which  is  made  tight  to  prevent  the  sand  from  flying  about- 
A  portion  of  this  box  in  front,  where  the  workman  standi? 
18  cut  away,  and  over  the  opening  is    hung   a   canva^sj 
apron  which  the  operator  pushes  aside  to  introduce  th* 
work.     The  sand  that  arcnmulates   in  the  box  below  i^ 
transferred  again  to  the  hopper  as  required,  and  is  nsec3 
over  and  over  again. 

The  satin-finisli  produced  by  the  saml-blast  is  exceed- 
ingly tine  and  perfectly  uniform,  and  the  work  is  doaC3 
more  rapidly  than  witli  the  use  of  brushes  in  the  usuaJ] 
way. 

'  Mfil^  or  Melled  Silvering. — This  product,  which  still 
bears  the  name  of  the  inventor,  is  obtained  by  thesulph^^* 
ration  of  certain  parts  of  a  silver  object.     But  this  sulph^^' 
ration  instead  of  lx*ing  made  directly  upbn  the  surface,  ^^"^ 
in  the  method  just  described,  is  made  by  inlapng  U^^ 
silver  surface  with  u  sulphide  of  the  same  metal  prepat^^ 
beforehand.     Nielling  may  therefore  be  called  a  speci* 
of  enamelHng.  

After    having  prepared  the  nielling  composition,    ^"   \ 
operation  which  consists  in  fi^rming  a  triple  sulphide    *^ 
silver,  lead,  and  copper,*  and  reducing  it  to  a  fine  po^^ 

*   For  preparing  the   nielling  composition  a  oertain  |>roportioa 
sulphur  h  ifUro<luce(l  into  a  stoneware  retort,  or  a  deep  crucible, 
mixture  of  silverj  copper,  and  lead  is  heated  in  another  crucible,  nJ 
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lich  is  mixed  with  a  small  proportion  of  a  solution 
mmoniac,  the  artist  executes  the  engraving  upon 
•  surface,  and  covers  the  whole,  hollows  and  reliefs, 
le  nielling  composition.  The  article  is  then  heated 
muffle  until  the  composition  melts,  when  it  will  be 
to  adhere  firmly  to  the  metal.  The  design  is 
t  out  in  very  eiFective  contrast  by  denuding  the 
s  in  relief,  without  touching  the  hollows,  which  re- 
fine black. 

method  is  costly,  since  each  article  must  be  en- 
.  The  arts  have  called  to  their  aid  another  and  a 
r  process,  which  consists  in  engraving  in  relief  a 
ate,  which,  applied  to  a  sheet  of  silver,  subjected  to 
ill  pressure  in  a  die,  reproduces  a  faithful  copy  of 
graving.  The  silver  sheet  thus  stamped  is  ready 
ve  the  nielling.  A  large  number  of  copies  may  be 
;d  from  the  same  matrix. 
L  is  the   method   by  which  a  quantity  of  nielled 

ilted  is  poured  into  the  fused  sulphur,  which  transforms  these 
ito  sulphides.  A  small  portion  of  sal  ammoniac  is  then  added, 
T  being  removed  from  the  crucible,  or  retort,  the  product  is 
3d  and  is  then  ready  for  use. 

ive  herewith  the  proportions  indicated  by  Mr.  Mackenzie,  who 
much  attention  to  the  subjt^ct. 
;e  of  the  first  crucible  : — 

'^lowers  of  sulphur 750  parts. 

lal  ammoniac 75     '^ 

;e  of  the  second  crucible,  which,  after  fusion,  is  poured  into 

silver 15  parts. 

/Opper 40     ** 

-»ead 80     " 

fur  is  of  the  opinion  that  it  is  preferable  to  diminish  the  pro- 
»f  lead,  the  sulphide  of  which  impairs  the  blue  shade  of  the 
and  corrodes  too  deeply. 
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articles  are  maniifacturcd,  such  as  so-called  Russian  snuff- 
boxes, cases  for  spectacles,  bon-bon  boxes,  etc, 

Roseleur   suggests    the  following   plan   for   ol>taining 
effects  similar  to  niolled  silvering,  which  he  recx>mmend8 

to  the  attention  of  artists  and  manufacturers:  a  pattern  of 
the  design  cut  out  of  thin  paper,  like  lac«  paper  is  dipped 
into  a  thin  paste  of  nielling  composition,  or  into  a  concen- 
trated solution  of  some  sulphides,  and  then  applied  upon 
the  plate  of  silver  which  is  afterwards  heated  in  the  mui- 
fle.     The  heat  w  ill  destroy  the  organic  substance,  and  a 
pattern  will  remain  formed  by  the  composition  absorbed 
by  the  paper. 


CHAPTER  XLII. 

DISSOLVING  SILVER  FROM  SILVERED  ARTICLES  ("STRrPHNG*')- 

When  a  silvering  operation  has  failed  from  want  of 
adherence  of  the  deposit,  or  by  reason  of  a  granular  s^i^^' 
face,  or  when  we  desire  to  replate  old  and  worn  articte^^ 
it  is  absolutelv  necessarv  to  remove  the  silver  in  order  ^^ 
restore  the  surface  of  the  metal  to  its  primitive  state,  a^^ 
to  permit  of  the  proper  repetition  of  the  series  of  cleat*^ 
ing  operations. 

The  operation  is  conducted  either  in  the  cold,  or  ^vi^_ 
the  aid  of  heat.  ■ 

The  following  is  the  procedure  recommended  by  Ro^^^ 
leur  and  other  experienced  electro-platers  for  dissohit^*^ 
silver  in  the  cold,  viz:  The  ohjects  are  suspended  ^ 
a  large  vessel  (Fig.  130)  filled  with  tlie  following  nii^^^ 
ture:  Sulphuric  acid  of  6G°  BaunnJ  (concentrated  oil  4^ 
vitriol),  101)  parts;    nitric  acid  of  40°  Baum6  (concef^"^ 
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^  aqua  fortis),   10  parts,  in  which  they  should  re- 
n  for  a  greater  or  less  length  of  time,  according  to  the 
kness  of  the  coating  of  silver  to  be  dissolved, 
'his  liquid  possesses  the  remarkable  property,  when 

diluted  with  water,  of  dissolving  the  silver  without 
sihly  affecting  copper  and  its  alloys^  such  as  bronze, 
js,  German-silver,  packft>ng,  similor,  etc.  The  articles 
oduced  into  it  should  therefore  be  dry  and  when  not 
tse  the  liquid  should  be  kept  in  a  hermetically  closed 
sel,  as  it  eagerly  abs<:irbs  moisture  from  the  air. 
is  far  as  practicable,  the  articles,  a  number  of  which 

usually  "stripped''  together,  should  be  placed  in  the 
lid  w*ithout  touching  each  other,  and  in  a  vertical 
»n,  as  shown  in  Fig.  130. 

Fig.  130. 


n  proportion  as  the  action  of  the  liquid  diminislies, 
dl  and  successive  additions  of  nitric  acid  are  given  to  it. 
^Vhile  the  process  of  dissolving  silver  in  the  cold  is  the 
re  regidar  and  certain,  its  action  is  considered  too  slow 
8ome  operators,  especially  when  the  proportion  of 
er  is  great.  Another,  and  more  rapid,  process  is  then 
[Jrted  to,  viz : — 
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A  shallow  pan  of  enamelled  cast-iron  (Fig.  131)  i^ 
neaiiy  filled  with  concentrated  sulphuric  acid  and  tli<?j 
wliole  brought  up  to  a  temperature  of  from  30(F  toj 
400-  y      Then,  rit  the   moment  of  using  it,  pinches  of\ 

Fk.  131. 


dry  and  pidvcrized  nitrate  of  potassium  (saltpetre)  a^"^ 
thrown  into  it,  and  the  article,  held  with  copper  ton^* 
is  plunged  into  the  liqnid.      The  silver  is  rapidly  di^ 
solved,  while   the-  copper,  or   its   alloys,  is  hnt   slii^h^ 
corroded. 

It  is  scarcely  necessary  to  add  the  precaution  that  th^ 
articles  should  not  be  allowed  to  remain  in  thc"stril> 
ping"  liquids  any  longer  than  is  actually  necessar)'  f*^^ 
tlie  removal  of  the  silver,  in  order  to  ♦avoid  the  corrosion  _ 
of  the  underlying  metal. 

Accordhig  to  the  rapidity  of  the  solution  fresh  additioi 
of  saltpetre  are  made.     All  the  silver  has  been  dissolve<-»i- 
when,  after  nnsing  in  water  and  di[>ping  the  articles  ii^^*^ 
the  cleansing  acids,  they  present  no  brown  or  black  spo^ 
that  is  to  say,  when  they  behave  like  new. 

These  two  metliods  are  not  suitable  for  removing  t^ 
silver  from  wrought  and  cast-iron,  zinc,  or  lead,  for  whi*^ 
purpose  it  is  preferable  to  employ  a  cyanide  bath  with  t-^^ 
electric  connections  arranged  in  the  inverted  order;     ^^ 
other  words,  to  make  the  articles  the  anodes ;  or,  to  U 
median ical  processes. 

These  desilvering  (stripping)  liquids  become  green  aft^ 


a  certain  amount  of  use,  and,  in  order  to 


recover 


tl^^ 
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*er,  they  are  first  diluted  with  four  or  five  times  their 
luiue  of  water,  and  then  treated  with  hydrochloric  acid, 
!  common  salt.  The  precipitation  is  complete  wlien  the 
Ipernatant  hquid  does  not  become  turbid  by  a  fresh  ad- 
ption  of  common  salt,  or  of  hydrochloric  acid. 

The  residting  chloride  of  silver  is  separated  from  the 
|nid  either  by  decantatiou  or  filtration,  and  is  afterwards 
duced  to  the  metallic  state  by  one  of  the  methods  to  be 
^reafter  indicated. 

Wliere  gold  is  to  be  removed  from  silver,  which  will 
^Tnetimes  be  necessary,  the  methods  described  in  Chap- 
fc"  XXVIL  (page  260)  should  be  Ibllowed.  Occasionally 
bo  it  bec!omes  necessary  to  ri'move  copper  from  silver — 
\  where,  for  example,  a  tliin  copper  mould  must  be  cUs- 
Ived  from  a  solid  electro-deposit  of  silver.  In  such  case 
is  recommended  to  immerse  the  article  in  boiling  diluted 
rdrochloric  acid,  or  in  a  hot  solution  of  perchloride  of 
>n  (feriHc  chloride),  made  by  dissolving,  with  the  i^id 

gentle  heat,  the  Wroxide  of  iron  (jeweller's  rouge)  in 
^drochloric  acid,  to  complete  saturation.  Some  authori- 
se suggest  the  removal  of  copper  from  silver,  by  making 
te  article  the  anode  in  a  sulphate  uf  copper  solution, 
^ci  passing  thecuixent  until  the  copper  has  disappeared  ; 
It  there  is  a  risk  of  losing  some  of  the  silver  by  solu- 
^H,  esjx?cially  if  the  current  employed  is  strong. 

^\s  above  remarked,  w^ora  and  defectively  coated  articles 
^t  are  to  be  replatcd  should  undcn-  no  circumstances  be 
jt-ilated  witliout  luiving  tirst  been  ^^  stripped."  Some 
Aerators  replate  without  this  precaution  ^  but  the  work 
Vis  performed  is  usually  inferior,  because  of  the  difficulty 
securing  the  perfect  adliesion  of  the  st?cond  coating  of 

Ver,  on  the  portions  of  the  original  coating  that  remain, 
^m  wjiich  portions  the  newly-laid  silver  will  often  show 

tendency  to  separate  or  '*  strip."     A  few  unpleasant 
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experiences  of  this  kind  will  soon  impress  on  the  minJrf 
the  operator  more  forcibly  than  precept,  that  in  the  hmj 
run  it  is  safer  to  thoroughly  remove  an  old  coating  Ixfa 
attempting  to  replate. 


(^HAPTER  XLIII. 


ELECTRO-SILVERING CONCLUDING  REMARKS 

In  pro]>aving  the  cyanide  plating  solution  by  tkchi'flii* 
cal  method  descril)cd  in  this  work  (Chapter  XXXH^f 
2SH  el  seq.)^  care  should  be  taken  by  the  operator,  in  «1»>  , 
solving  his  silver  in  nitric  acid  as  directed,  to  iiseta 
pure  acid,  free  from  chlorine,  with  which  the  common 
commercial  nitric  acid  is  always  more  or  less  containiiiJi^f*'' 
Otiierwise,  a  variable  quantity  of  cldoride  of  silver  '^^  I 
be  formed,  which  will  render  it  impossible  to  olilaiu  • 
clear  solution  of  the  nitrate  in  water,  and  which  willifltd^ 
fere  with  the  nicety  of  the  subsequent  operations*   *•! 
test  tlie  quality  of  the  acid,  it  will  be  sutticieut  to  i^mffij 
little  of  it  iuto  a  test-tube  with  some  distilled  water, Aril 
to  add  to  it  a  drop  of  nitrate  of  silver  solution,  wheutMl 
liquid  should  remain  clear.  "  If  a  milky  turbidity  or  F'^j 
cipitate  occurs,  the  acid  should  not  be  used     Thcsan^j 
precaution  should  be  iibserved  with  respect  to  the  walff  I 
in  wliicli  the  nitrate  is  dissolved  previous  to  its  precip*^' 
tionwith  cyanide  of  potassium  (or  with  hydroc)Tmic« 
For  this  purpose  it  is  preferable  to  use  distilled  wateM 
ordinary  water  supplied  to  cities  and  towns  in  variably  < 
tains  more  or  less  of  chlorides  in  solution.     li\  howr 
impure  acid  or  water  is  used  for  the  purpose,  the  iivsol 
latter  should  be  allowed  to  subside,  and,  after  the 
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liquid  has  been  dra\%Ti  off,  should   be  reserved  to  recover 
the  silver  it  contains, 

Jti  |irecipitnting  the  nitrate  of  silver  solution  with  rva- 

nide  of  potassium  special  care  must  be  taken  not  to  add 

too   much  of  this  reagent,  whirli  would  redis^olve  soin^  of 

the   precipitated  cyanide  of  silver,     ^lo  a%oid  this  it  is  a 

good  plan  to  conduct  the  operation  in  a  glass  vessel  w  here 

it  ean  be  well  obs4?rv(x^l,  nud  towards  the  end  of  the  opem- 

tioii,  whicli  can  be  told   by  the  formation  of  a  less  volu- 

i^iiTious  precipitate  upon  addition  of  cyanide,  to  allow  the 

prc^eipitate    to    subside,  and    to    add    at   intervals  small 

^l^iantities  of  cyanide  at  a  time,  stirring  after  each  addi- 

Hhon.     By  conducting  this  operation  with  the  proper  care, 

Hthe   point  of  perfect  neutralization  may  be  very  closely 

■fr^inved  at     If  by  accident  or  carelessness  too  much  cya* 

^*de  has  been  added,  the  excess  must  be  neutralized  by 

thc^  addition  of  a  fresli   su]iply  of  nitrate  of  silver,  with 

J^^c  precaution,  until  the  further  addition  ol*a  drop  causes 
^^  turbidity. 
The  cyanide  plating  solution  may  also  be  prepared  with 
t^^c*  aid  of  the  electrical  current,  tliat  is,  by  passing  a 
strong  current  througli  a  solution  of  cyanide  i)f  potus- 
u  *^^^in  (1|  to  3  ounces  of  cyanide  to  the  gallon  according 
H  to  purity)  with  a  large  slieet  of  silver  as  the  anode,  and 
■  u  8jnall  strip  of  silver  or  of  ]>latinum  as  the  cathode,  and 
^  [mssing  the  current  until  enough  silver  has  gone  into 
I  solntion  to  give  the  hiitli  tlie  standard  strength.  The 
iimotmt  of  silver  dissolved  can  readily  lie  told  by  weigh- 
JDg^ the  anode,  and  comparing  the  weight  with  that  before 
the  oj^eration  ;  and  the  proper  saturation  of  the  solutitm 
may  bo  told  by  suspending  an  article  at  the  cathode,  and 
.observing  how  readily  it  takes  a  silver  deposit. 


Napier's  plan  {Ehcfro-PkUing^ 

p*  uHvLT  solution  w  ith  the  battery" 
23 


135  et  seq.)  for  making 
is  to  employ  a  solution 
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of  cyanide  of  potassium  (1[  ounces  to  the  gallon )»W 
to  place  in  the  vat  one  or  more  porous  cells,  nhiciii^ 
fills  up  with  the  cyanide  solution  to  the  same  height  u 
the  liquid  in  the  outer  vessel.  In  these  porous  cells  h 
places  small  sheets  of  iron  or  copper,  and  connects  to 
with  the  negative  electrode ;  and  in  the  outer  vejad  bf 
suspends  one  or  more  sheets  of  silver,  which  he  (tmuert^ 
with  the  positive  electrode.  By  using  a  strong  Lnn^iit« 
and  sulficiently  large  surlhces  of  silver,  with  this  'dm^^ 
mcnt  he  is  enabled  over  night  to  charge  a  bath  with  w 
or  80  ounces  of  silver. 

This  phui  of  preparing  the  plating  solution  isnot^ne 
rally  in  use,  thougti  it  is  handy  for  small  operators,  It 
saves  considerable  labor  which  the  cheniicul  method  ^ 
volves,  and  it  effect uallv  prevents  anv  loss  of  silver.  W 
has  the  disadvantage,  however,  of  charging  the  Imlh^i"^ 
caustic  pDtassa,  an  equivalent  of  wliich  is  den*" '  ' 
for  each  equivalent  of  silver  dissolved.  The  ciKji  - 
to  the  metliod,  on  this  score^  have  already  been  statiniiB 
connection  with  tiie  preparation  of  cyanide  gihlhuj  *oJ** 
tion  by  the  same  process  (Chapter  XXI.,  p.  21 U  rf  ^\ 

8unie  operators  modify  the  chemical  method  of  P^ 
parh]g  the  elect  ro-jilating  solution  by  using  the  ow 
the  carbonate,  or^  as  previously  mentioned  (Cbapt<^ 
XXXI v.,  p.  289),  the  nitrate  or  chloride  of  silver  to  tb^ 
cyanide  of  potassium  solution  until  no  more  will  «lis>ol'^^'' 
and  then  adding  what  they  consider  to  be  a  Miffiri*^^ 
quantity  of  the  latter  to  form  free  cyanide.  Glasslbrd  «^ 
Napier  {Mem,  Chemkul  Soc,^  London,  vol.  ii,  9ii)  to^* 
shown  very  clearly  that  these  procedures  can  acrompli^ 
no  aavitiij  of  et/ajiidc^  since  precisely  the  same  quaittit)*'* 
tins  reiigent,  namely,  two  equivalents  of  cyanide  to  e« 
equivalent  of  silver,  will  be  required  to  convert  theei 
oxide,  carbonate,  etc.,  into  cvanide,  and  then  into  da 
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cyanide,  as  by  the  standard  method  we  have  described 
and  recommended.  Not  only  is  there  no  saving,  but  the 
carbonate  of  potassium,  caustic  potassa;  etc.,  used  to  pre- 
cipitate the  nitrate  of  silver,  as  carbonate,  or  oxide,  is 
wasted ;  and  more  than  this,  the  operator  employing  these 
methods  is  introducing  into  his  bath  large  quantities  of 
foreign  substances  (caustic  potassa,  carbonate  of  potassium, 
chloride  of  potassium,  or  nitrate  of  potassium),  which  are 
not  only  useless,  but  which  directly  or  indirectly  impair 
the  efficiency  of  the  plating  solution. 

As  many  electro-platers  have  the  practice  of  converting 

their  silver  nitrate  into  chloride  by  the  addition  of  common 

salt  or  hydrochloric  acid,  and  dissolving  the  chloride  thus 

/oTmed  in  cyanide  of  potassium,  this  may  partly  explain 

tixe  frequent  difficulties  they  encounter  in  having  these 

^^^lutions  to  work  in  a  uniformly  satisfactory  manner. 

While  all  writers  on  electro-plating  agree  in  the  opinion 
^^^  «it  the  introduction  of  foreign  ingredients  into  the  plat- 
^^^^  solution  should  be  avoided  as  much  as  possible,  none 
'^  ^^ve  so  clearly  and  concisely  stated  the  objections  thereto 
^^  Gore,  from  whom  we  quote  the  following  paragraph 
{^^Slectro'Metaffurg?/^  159): — 

"*'  If,  instead  of  cyanide  of  silver,  we  add  oxide  of  silver 

to     the  cyanide  of  potassium  liquid,  it  converts  part  of  the 

^y"^nide  into  caustic  potash ;  if  we  add  carbonate  of  silver, 

i^     cx)nverts  it  into  carbonate  of  potassium  ;  and  if  chloride 

^^    silver,  it  converts  it  into  chloride  of  potassium ;  and 

€^^h  of  these  substances,  especially  the  last,  diminishes 

t»V^  action  of  the  liquid  upon  the  dissolving  plate ;  de- 

<^^ases  its  solvent  power  for  cyanide  of  silver,  makes  its 

V^rticles  less  mobile,  and  causes  it  to  act  in  some  degree 

t^pon  base  metals,  and  thus  endangers  the  adhesion  of 

the  deposits  upon  them.     Some  electro-platers  think  the 

presence  of  these  salts  not  injurious,  but  most  consider 
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them  liighly  detrirneiihiL     One  Imudred  ounces  of  sil 
converted  into  chloride,  and  dissolved  in  cyanide  of  potas 
Slum  solution,  produce  sixty-nine  ounces  of  chloride 
potassium  as  an  impurity  in  the  Htpiid.  or  if  convert 
into  nitrate,  and  so  dissolved,  produce  ninety-three  and^ 
a  half  ounces  of  nitrate  of  potassium  as  impurity." 

Finally,  we  may  add  that  a  large  niiniber  of  solutions 
for  electro-plating  have  been  made  the  subject  of  patentiiA 
by  various  invrntors,  but  in  quality  of  results  obtained  and 
uuilbrinity  of  operation,  none  can  com]>are  favorably  with 
the  standard  double  cyanide  solution.     The  most  promist- 


ing  of  tliese  numerous  formulje  \h  a  sohition  of  chloride 
of  silver  dissolved  in  hyposulphite  of  sodiunu  This 
solution  yields  its  metal  readily  with  a  ^ery  moderate 
current,  but  its  tendency  to  decompose  undc*r  the  influence 
of  sunlight^  and  to  dt^posit  its  silver  as  sulphide^  is  a  se* 
rious  objection  to  it,  which  it  has  been  impossible  to  over- 
come. 


I 
1 


CHAPTER  XLIV 


PLATINIZING. 


In  the  year  1K4(>  M.  lloselenr  luid  discovered  and 
patented  a  procedure  which  was  capable  of  fxirnishing  dcv 
posits  of  any  desired  tliirkness.  All  previous  efforts  had 
resulted  in  obtaining  only  a  mere  film  of  platinum  upon 
copper  and  its  alloys.  In  1847  he  presented  to  King 
Louis  Ph]lii>pe  a  rwer  and  basin,  upon  wliidi  lie  had  de- 
posited about  400  grammes  (nearly  13  ounces)  of  pure  pla- 
tinum, certain  parts  of  which  were  dead,  while  others  were 
burnished. 

Notwithstanding  the  early  date  of  tliis  discovery,  the 
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publicity  given  to  the  patent,  which  was  offered  without 
royalty  to  the  public,  and  the  complete  description  of  the 
process  in  Roseleur's  work,  it  is  only  within  recent  years 
that  platinizing  has  found  favor  and  secured  an  introduc- 
tion into  the  arts. 

Platinizing  by  Simple  Immersion. 

Platinum  may  be  deposited  either  by  simple  immersion, 
or  by  galvanic  action. 

Copper  and  its  alloys  appear  to  be  best  adapted  to 
receive  a  satisfactory  platinum  deposit ;  iron,  zinc,  lead, 
and  tin  coated  with  this  metal,  even  after  a  previous  cop- 
pering, yield  only  defective  results. 

Silver,  on  the  other  hand,  accepts  an  adherent  deposit 
of  platinum,  as  we  had  occasion  to  notice  in  treating  of 
the   ornamentation  of  plated  surfaces  (Chapter  XLI.,  p. 
344),  where  a  thin  film  of  platinum  is  deposited  on  such 
surfaces,  by  bringing  them  in  contact  with  a  solution  of 
the  chloride  cither  in  water  or  in  alcohol  or  ether.     This 
^Por^tion  is  nothing  else  than  a  species  of  direct  or  sim- 
ple immersion-platinizing.     The  platinum  salt  is  reduced 
^y    the  silver,  with  the  formation  of  chloride   of  silver, 
^^hioh  is  disposed  to  make  its  appearance  on  drying  as  a 
^'^^^itish  incrustation  on  the  "  oxidized"  surface.   A  dipping 
m    Weak   ammoniacal  water  will   dissolve   this   coating. 
J-lxo    color  of  the  platinum  thus  deposited  will  vary  from 
steol-gray  to  nearly  black,  according  to  the  concentration 
^'    tlxe  platinum  solution  and  its  temperature. 

^or  copper  and  its  alloys,  Roselcur  proposes  to  immerse 
tile  a.rticles  in  the  following  solution,  kept  boiling: — 

Distilled  water     .         .         .         .         .         .100  parts. 

CauQtic  soda         .         .    —  .         .         .         .       12     ** 

Platinum,  or  its  equivalent  of  neutral  chloride         1  part. 
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The  deposit  is  bright,  quite  durable,  but  of  a  darkcolof 
resembling  that  of  "  oxidized"  silver. 

Electro-deposits  of  Mafiiium. 
Solutions  suitable  for  obtaining  electro-deposits  of  tte 
metal  are  numerous ;  the  operation  will  succeed,  in  &A 
with  alkaline,  neutral,  or  acid  solutions,  containing  p'*' 
tinic  chloride.  The  following  formulae  will  give,  ^™ 
the  aid  of  heat  and  electricity,  platinum  deposits  q^^^ 
pleasing  in  appearance : — 

First  Formula, 

Distilled  water 100  part*. 

Carbonate  of  sodium 40    ^ 

Platinum 1  part. 

Temi>erature  of  the  bath,  from  150°  to  175°  Fahr. 

Second  Formula. 

Distilled  water 100  parts- 

Phospliate  (or  borate)  of  sodium            .          .  0^    ** 

Platinum 1  i»art. 

Third  Formula, 

Distilled  water 100  parts. 

Pyrophosphate    of  sodium ;    or   chloride,  or 

iodide  of  sodium        .          .          .          .          .       30    *' 
Platinum 1  jmrl. 

These  several  formulir  are  open  to  the  objection 
furnishing  only  exceedingly  thin  deposits,  since  if  ^ 
coating  were  j)crmitted  to  go  on  increasing,  most  of 
would  bo  without  adherence,  and  often  in  the  form 
scales.     The  deposit  is  black  or  steel-gray  in  color. 

On  the  other  hand,  the  procedure  about  to  be  describe^ 
which  is  that  of  MM.  Roseleur  and  Lanaux,  when  p^ 
l>crly  carried  out,  will  permit  of  the  deposit  of  any  desii^ 
thickness  of  platinum  upon  the  same  surface,  and  with  a 
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color  and  lustre  identical  with  those  of  platinum  articles 
found  in  the  arts. 

One  part  of  finely  laminated  platinum  (platinum-sponge 
is  preferable)  is  covered  in  a  long-necked  glass  flask  with  a 
mixture  of  15  parts  of  hydrochloric  acid  and  10  parts  of 
nitric  acid  of  40°  Baume.  It  is  then  heated  upon  a  plate 
of  perforated  sheet-iron,  so  that  the  bottom  of  the  flask 
alone  receives  the  heat.  An  abundant  disengagement  of 
orange-yellow  fumes  ensues,  and  the  platinum  disappears, 
leaving  a  reddish  liquid,  which  should  be  heated  until  it 
becomes  viscous  enough  to  adhere  to  the  sides  of  the 
flask.  This  latter  part  of  the  operation  may  be  effected 
in  a  porcelain  evaporating  dish,  the  shallow  form  of 
which  hastens  the  evaporation  of  the  excess  of  acids. 
After  cooling,  the  residuum  is  dissolved  in  50  parts  of 
distilled  water,  and,  if  necessary,  filtered. 

In  a  separate  vessel,  10  parts  of  phosphate  of  ammonium 

are  dissolved  in  50   parts  of  distilled  water,  and  the  two 

solutions  are  mixed.     A  copious  precipitate  of  phosphate 

of  ammonium  and  platinum  is  formed  in  a  liquid  of  orange 

c!olor,  which  should  not  be  separated,  and  into  which 

should  be  poured,  with  constant  stirring,  another  solution, 

composed  of  50  parts  phosphate  of  sodium  in  100  parts 

^^f  distilled  water. 

The  mixture  is  made  toboil,  and  the  evaporated  water 
is  replaced,  until  no  more  ammonia  is  disengaged  (which 
is  ascertained  by  the  smell),  and  until  the  liquid,  which 
>?vas  previously  alkaline,  begins  to  redden  blue  litmus 
'j^aper.  By  the  reactions  which  take  place,  the  previously 
fellow  liquid  becomes  colorless,  which  indicates  the  forma- 
tion of  a  double  salt  of  sodium  and  platinum. 

The  solution  is  then  ready  to  deposit  platinum  upon 
articles  of  copper,  or  its  alloys ;  it  is  used  hot,  and  with  a 
strong  electrical  current.     A  platinum  anode  is  used,  but 
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hs  this  is  not  dissolved  by  the  solution  the  metallic  at rcngthj 
of  the  bath  must  be  maiutainoil  by  occiisimial  additions  ol 

tlie  cliloridr  of  plntinum. 

Kost'leiir  affinnh  that  cop[x*r  capsules  thus  coateil  with 
platinum  resisted  twenty  sueressive  evajximtious  of  nitric  J 
and  sulphuric  acids  alternately  employed,  though  at  last] 
they  were  cnvroded. 

Acixirdinf^'' to  tlic  same  authority.it  is  neci'ssurj'  to  a^oid 
with  fp:cnt  cmv  tlie  contact  of  iron,  zinc,  lead^  or  tin  with  ^ 
tlje  bath,  as  these  metals  will  dt*n3m|x>se  it,  that  is  to  say,  S 
platinize  ttieinscUes  by  simple  immersion^  and  the  depo- 
sited metal  will  l>o  black  and  pulverulent.  a 

Dead-platinizing  is   pcarl-grvay ;    it  is  very  hard,  and  " 
cannot  be  brightened  by  scratcli-brushes  of  brass,  which 
render  its  surface  yellow.r    Iron  brushes,  or,  preferaWy, 
powdered  pumice-stone,  should  be  employed. 

Flatinum  dejRjsits  may  Ijc  biunished  l>y  energetic  fric^ 
tion,  and  the  lustre  obtaint^l  is  very  dimibk\ 

As  most  platinized  articles,  such  as  chandeliers,  fire  i 
grates,  lamps,  etc,  are  very  lightly  platinized,  they  are' 
generally  |>olis}jed  before  mating.     After  the  operation, 
they  are  ruhlxHl  with  jK)lishing  rouge  and  chamois,  whereby 
the  difficulty  of  burnishing  titc  platinum  itself  is  avoided. 

Platinum  may  l>e  removed  from  copjx^r  by  a  very  long 
immersion  in  tlie  Irnths  indicated  for  ungilding,  but  the 
operation  is  not  always  successfiU. 


Oilier  Formulae. 

Boettger  (PharmaceHtical  Journal^  iii.  351)  coats  oo|>- 

per  and  brass  with  platinum  as  follows:  he  dissolves  the 
double  frhloride  of  platinum  and  ammonium  in  water, 
adtls  thereto  a  few  drops  of  ^nnnonia,  and  uses  the  solu- 
tion thus  prepared,  moderately  heated,  and  with  a  oon^ 
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staiit  current.     The  deposited  platmiim  is  said  to  be  adlie- 
rent  and  lustrous. 

Another  solution  of  Boettger's  for  platinizing  copper 
and  brass  eitlier  by  simple  iinmersion  or  by  the  current, 
consists  of  one  part  of  double  chloride  of  plaliuum  and  an> 
nionium,  and  eight  parts  of  sal  ammoniac  in  water.  The 
same  author  (The  Pob/iechnlc  Review^  vi.  255)  recom- 
mends the  following  solution  for  obtaining  electro-deposits 
of  platinum.  He  treats  freshly  precipitated  double  chlo- 
ride of  phitinnm  and  ainmoninm,  at  boiling  temperature, 
with  a  concentmtcd  solution  of  the  neutral  citrate  of 
sodium.  The  resulting  liquid  has  a  deep  omnge-red 
color,  and  a  fe^eble  acid  reaction,  and  yields  with  a  ciuTcnt 
of  modemte  intensity  an  adherent,  lustrous  coating  of 
platinum. 

Gore  {Electro- Mehdlnrg If ^  120)  refers  to  a  solution 
made  by  dissolving  the  cliloride  of  platinum  in  one  of 
cyanide  of  potassium,  the  proportion  of  metal  being  kept 
at  about  one  ounce  to  the  gallon,  and  the  bath  used  with  a 
moderate  current  and  warm.  JcwreinofF  prepares  a  solu- 
tion for  the  electro-deposition  of  platinum  on  copper, 
brass,  and  iron  as  follows:  Convert  \(\  parts  of  metallic 
platinum  into  chloride,  and  add  thereto  a  solution  of  10 
parts  caustic  potassa  in  water.  Dissolve  the  yellow  preci- 
pitate by  the  addition  of  20  parts  of  oxalic  acid  in  aqueous 
solution,  with  the  aid  of  heat,  and  add  to  the  solution 
30  parts  of  caustic  potassa  sohition.  Tlie  solution  is 
nitrongly  alkaline  (soda  may  be  substituted  for  potassii  in 
this  formula).  A  constant  and  moderate  current  is  recom- 
mended, and  JcwreinofF  affirms  tliat  a  platinum  anode 
is  dissolved  in  this  liqni<l  in  tlie  same  proportion  as  plati- 
num is  deposited,  so  that  the  metallic  strength  ofthe  bath 
in  maintained  without  additions  of  platinum  salt.  This 
assertion  we  have  had  no  opportunity  to  verify,  but  we 
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ifgard  it  as  questionable.  Gore,  referring  to  similarlj 
ronstituted  solutions,  says  that  it  is  difficult  to  obtait 
reguliue  white  metal  from  them. 

For  phitiiiizing  sheets  of  silver  Jewreinoif  (Winckler 
Ilfimlh.  J,  MditlHiherziifjen^  :?15)  converts  3  parts  of  pla« 
tinum  into  chloride,  dissolves  this  in  300  parts  of  distilled 
water,  and  adds  20  to  25  parts  of  sulphuric  acid.     Bv 
using  a  platinum  anode,  the  silver  sheets  soon  Urrept 
grayish  coating  of  platinum,  which  simply  requires  to  be^ 
washed. 

A  Tuethod  of  platinizing  by  contact  with  zinc,  which 
is  described  as  well  suited   for  small  articles  is  as  follows^ri 
{Chemical  Nctr^i,  x\x,  22(i):  To  a  strong  solution  of  pla*^ 
tinic  chloride,  add   powdered  carbonate  of  sodium^  until 
effervescence  has  ceased.     Then  add  some  glucose,  and 
finally  add  enough  common  salt  to  cause  a  whitisb  precip- 
itate.    The  small  articles  of  copper  or  brass,  to  be  coatod^J 
are  pla(*ed  in  a  colander  of  zinc,  and  immersed  in  thei 
bath,  kept  at  al>out  140°  Fahr.,  for  a  few  seconds.    TheyJ 
are  then  removed,  and  dried  in  hot  sawdust. 

The  deposition  of  platinum  is  attended  with  speciall 
difficulties,  l>oth   on  account  of  the  non-solubility  of  the 
anode,  which  requires  the  oi>erator  to  be  adtling  fresh  pla^ 
tinuni  salt  Irom   time  to   time  where  a  solid   deposit  id 
desired ;  and  also  because  of  the  disposition  of  the  meta 
to  give  a  black  and  pulverulent  deposit.     Roseleur\s  pre 
cedure  is  [idniitted  to  be  tlie  best   that  has  thus  far  beer 
devised   for  dejiosits  of  any  thickness ;    and  the   citrate 
bath  of  Boettger  is  higlily  spoken  of  by  those  who  hav< 
had  occasion  to  use  it. 

PfflhuVuim^  which  belongs  to  the  same  group  of  metala 
as  platinum,  has  also  been  experimented  with  as  a  coat-^^ 
ing  for  other  metals.     It  appears  to  be  more  readily  de- 
posited from  its  solutions  by  the  current. 
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For  obtaining  deposits  of  this  metal,  solutions  have 
been  made  by  dissolving  the  chloride  in  cyanide  of  potas- 
sium, or  by  saturating  a  solution  of  the  cyanide  of  potas- 
sium with  the  metal,  by  the  current,  in  the  manner  de- 
scribed with  gold  and  silver.  Cyanide  of  potassium  ap- 
pears to  take  up  a  considerable  quantity  of  the  metal, 
and  the  cyanide  solution  is  said  to  yield  the  metal  freely, 
so  that  heavy  reguline  deposits  are  not  very  difficult  to 
•  obtain. 

Bertrand  (Comptes  Reiidua^  tome.  Ixxxiii.,  857)  de- 
scribes the  double  chloride  of  palladium  and  ammonium, 
perfectly  neutral,  as  a  good  solution  with  which  to  obtain 
palladium  deposits,  either  by  immersion  or  by  the  current.  ^ 
An  anode  of  palladium  is  dissolved,  while  the  deposit  is 
going  on.  Palladium,  however,  is  one  of  the  rarer  metals ; 
it  does  not  protect  other  metals  as  well  as  platinum,  and 
its  behavior  is  therefore  of  no  practical  importance. 

We  had  the  opportunity,  while  this  work  was  in  course 
of  preparation  for  the  press,  of  seeing  some  remarkably 
fine  electro-deposits  of  iridium^  the  hardest  and  most  re- 
fractory and  unalterable,  of  all  the  metals  of  the  platinum 
group.  These  iridium  deposits,  upon  various  metals,  ex- 
hibited a  fine  steel-gray  lustre  and  color.  The  inventor. 
Dr.  W.  L.  Dudley,  of  Cincinnati,  stated  to  us  that  he  had 
solved  the  problem  of  coating  metals  with  iridium  by  the 
use  of  a  suitable  solution  of  the  metal,  and  the  proper 
regulation  of  the  current,  and  that  a  company  was  engaged 
in  practically  working  the  process  in  Cincinnati. 

To  maintiain  uniformly  the  proper  strength  of  the  plat- 
ing solution,  a  plate  of  iridium  is  employed  as  an  anode. 
The  metal,  from  samples  which  we  had  the  opportunity 
of  observing,  is  deposited  in  reguline  form,  and  is  suscep- 
tible of  taking  a  good  polish.  A  thin  platinum  sheet, 
electro-plated  with  iridium,  retains  its  flexibility,  and  when 
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the  coating  is  not  too  thick,  its  adherence  is  excdle 
Engraved  copper-phi tej«  covered  with  iridium  in  i\mm 
are  claimed  to  possess  decided  advantages  over  steel-pUw 

On  account  of  tlie  pending  of  applications   for  ptenll 
on  the  procetss,  in  foreign  countries,  which  miglit  k  ^ 
ated  by  a  premature  publication,  the  inventor  was uw 
to  our  great  regret,  to  give  us  detaiU  as  to  his  meth 

From  the  specimens  of  the  work  that  we  liave  s^i 
however,  we  do  not  question  the   entire  accuracy  of  ^ 
claims,  and  feel  satisfied  that  his  invention  will  beof( 
sidemble  practical  value, 


CIIAPTEH  XLV. 


NICKEI^PLATIKG.     ' 

NiCKEi^rLATiNG  IS  strictly  an  American  industry,  inth? 
sense  that  it  was  first  successfully  practised  on  the  ro^' 
mercial  scale  in  the  United  States,  and  here  received  tW 
practical  di^monstnition  of  its  U8<^fulness  that  \n\s  A^^ 
made  it  tlic  most  successful  and  most  widely  pructi*" 
branch  of  the  art  of  electro-plating.     Coming  first  i^^ 
prominence  and  popularity  about  ten  years  ago,  it  1^^ 
since  that  time  rapidly  ^ro\%Ti,  until  to-day  it  lia^  ^^ 
veloped  into  an  industry  of  great  magnitude  and  impr^' 
ance.     Tbe  almost  silvery  whiteness  and  adrairabW  l*i"i^* 
liancy  of  the  electro-deposited  nickel;   its  cheapne***' 
com|)ared  with    silver;    the  hardness   of  the   electn><l^ 
posited  metal,  which  gives   the    coating  great  |X)ivpr  t<? 
resist  wear  and  abrasion  :  the  fact  that  it  is  not  blackcu«''* 
by  the  action  of  sulpbiuous  vapors,  which  rapidly  ta^ 
nish  silver;  and  the  fact  that  it  exhibits  but  httle  tad* 
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et^cy  to  oxidize  even  in  the  presence  of  moisture,  are  suffi- 
cient to  explain  the  great  popularity  which  nickel-plating 
enjoys. 

The  industrial  development  of  the  art,  however,  which 
hii.55  been  surprising  botli  in  respect  to  its  rapidity  and  ex- 
^^i^t,  may  be  attributed  in  a  large  measure  to  certain 
favouring  circumstances,  quite  independent  of  the  excellent 
^dfi^ptability  of  the  metal  for  electro-plating  purposes. 
THose  circumstances  are,  first,  the  great  advances  that 
l^^x^e  been  made  within  this  period  in  the  production  of 
^^^Itcl  on  the  commercial  scale,  by  which  the  cost  of 
tho  metal  has  been  greatly  reduced,  and  its  purity  greatly 
iiioireased  (for  which  we  are  indebted  mainly  to  the 
^^^Ocrican  Nickel  Works  of  Camden,  N.  J.,  under  the 
scx^xitific  management  of  Mr.  Joseph  Wharton*)  ;  and, 

Mr.  Wharton  haa  produced  at  his  works  in  Camden,  N.  J.,  since 

^\^^  >^«'ar  1876  to  the  close  of  the  year  1882, 1 ,4GG,765  pounds  of  metallic 

,^■^^1.     He  began  experimenting  very  early  to  determine  whether 

^*^^I  could  not  be  produced  in  a  pure  and  malleable  condition,  sus- 

Ptible  of  being  worked  in  nearly  the  same  manner  as  iron,  and  of 

*^^  applied  in   the   manufacture  of    various  objects  demanding  a 

^^'^g,  non-oxidizable  metal.      He    succeeded  so   well  that  he  was 

*^^led  to  display  at  the  International  P^xhibition  in  Vienna,  in  1873, 

*^riiple  of  nickel  in  the  form  of  axles  and  axle-bearings  ;  and  at  the 

'*l*idelphia  Exhibition,  three  years  later,  he  exhibited  a  remarkable 

^     *^s  of  objects   made  of  wrought  nickel,  such  as  bars,  rods,  etc. 

^^5^0  objects  from  their  unpretentious  character  did  not  attract  the 

^•ition  they  deserved.     As  a  matter  of  justice  to  tiiis  indefatigable 

I    ^    intelligent  worker,  the  fact  should  be  placed  on  permanent  record 

'^^     he  had  succeeded  as  early  as  the  year  1873,  and  with  the  lean 

^     sulphuretted  ores  of  Lancaster  Gap,  Pennsylvania,  which  yield 

,        y'   from  1^  to  2  per  cent,  of  nickel,  in  producing  the  metal  in  mal- 

^1^  condition. 

^Ije  recent  discovery  of  pure  carbonated  and  oxidized  ores  of  nickel 
^^le  French  colony  of  New  Caledonia,  has  greatly  stimulated  the 
/Auction  of  this  metal  and  lessened  its  price ;  and  the  highly  inge- 
^^^s  refining  process  recently  discovered  by  Dr.  Fleitniann,  which  is 
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second,    the?   introduction    and   perfection,   within    tliis 
period,  of  the  now  almost  universally  employed  dynamo* 


now  ttltogetlier  used   in   the   pnuluetion  of  the  pure  nietftl,  has  tcmlcA- 
m  the  same  din^clion. 

TUtt  suhject  is  of  such  interest  l!mt  we  deem  it  proper^  thouglr  only 
incidcniiilly  hetiring  upon  tbe  objects  of  this  work,  to  quoti?  the  ii»l' 
lowing  brief  account  of  Fleitmann's  proct*ss,  from  a  pajier  read  hel'or<5 
tfie  AnuTican  Iii?!titute  of  IVIiTdn;^  Engineers  at  their  tnetiting  '»^ 
B«»fti»n,  in  1HH2,  by  Vvoi\  W.  P»  Bhike,  iif  New  Hav<jn,  viz  :— 

Df.  Fleitniann,  of  Isierlohn,  Westphalia,  Prussia,  has  improv<id  tn** 
ch«'upened  the  operation  of  refining    nickel  and  toughening    it,  at*** 
hus  I'educed   the  liahilily  to  the  presence  of  blow. holes  in  casting  ^T 
adding  to  the  nudteji  chnrj^e,  in  the  pot,  when  ready  lo  pour,  a  very 
^rnall   quantity   of   majine^iiim.       l^his    is    immediately    decom[>os<;**» 
ma*rnt^sia  is  formed,  and  graphite  ia  sepanited.     It  would  seem  th«*^ 
the  magnesium  decomposes  the  occluded  carb<mic  oxide,  or  I'educe*  ^^ 
to  n  minimum.     The  majjtne&itjm  must  be  added  witli  gre^t  care,  ai^"^ 
in  small  portions,  i\s  it  unites  explo,sively  with  tfie  clmrge.     It  if*  slirr^* 
in.     About  one   ounce  of  mu^nesium  is  sutheient  for  GO   pound* 
nickel.     From  three-iptarters  of  an  ounce  to  J4  pounds  of  metal  huv^' 
been  used  with  success  by  Mr*  ^Y barton.     The  nickel  irom  the  ore  j 
Lancaster  Ga[>  seems  not  to  require  as  much  as  tlie  foreign  metid. 
is  to  h*i  noted  that  complete  malleability  of  nickel  was  obtained  t*-^ 
Wliarlon's  works  in  Cumden,  before  Fleitmann's  invention  or  pit>cess^* 
but  this  liii^t  IS  more  rapid  and  better  than    tlie  old   method.      Tl:»^  ^ 
melal  so  treated  becimies  remtu  kubly  tougli  and   malleable^  and  mt^-J^ 
be  rolled  inio  sheets  ami  drawn  into  wire.     Cast  plates  can  be  succ«a 
fully   nulled.      The  cast  idales,  such  as  are  made   for  anodes,  aft* 
reheating,  are  rolled  down   to  the  desirtid  thickness.     It  is  found  tU***' 
it  is  a  great  improvement  to  the  nickel  anode  plates  to  roll  tliem  do^  ^^' 
They  dissolve  with  grenier  unifortnity  in  the  bath.     Nickel  so  treftl*^*^« 
with  magnesium   has  been   rolled   into  sheets  as  ibin  iis  paper.     t>  ^^H 
j>ensive  works  for  rolling  the  metal  have  been  erected  by  Mr.  Whar*-^** 
at  Camden,     Tliere  is  already  a  train  of  40-incb  rolls,  18  inched    ^^ 
diameter,  with  annealing-ovenis  and  gas-furnaces  and  their  adjun* 
and  a  1*0  horse-power  engine*     The  largest  sheet  of  pure  nickel 
rolled  at  Camden  is  72  inches  long  and  24  inches  wide. 

Dr.  Flediniann  luis  also  succeeded  in  welding  sheet-nickel  uijon  ii 
and  uj»on  steel  plates,  so  as  lo  coat  them  equally  on  each  face  witf  • 
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ctric  machines,  which  placed  at  the  disposal  of  the  elec- 
-platers  a  constant,  powerful,  and  cheap  source  of  electri- 
•',  in  the  place  of  the  uncertain,  troublesome,  and  com- 
atively  expensive  voltaic  battery,  to  the  use  of  which 
y  had  of  necessity  been  hitherto  confined.  Watt  (vide 
<ir€hMetaUurgy^  p.  86  et  seq,)  was  among  the  first,  we 
Leve,  to  call  attention  to  these  facts.  He  states,  for  ex- 
ple,  that  "  the  difficulty  in  obtaining  pure  nickel  anodes 
Large  surface  for  many  years  checked  the  progress  of 
►  useful  art,  whilst  the  slow  and  uncertain  action  of  the 
inary  battery  rendered  it  ill-suited  to  the  deposition  of 
^  peculiar  metal  on  the  large  scale ;"  again, "  it  is  doubt- 
^hether  nickel-plating  would  ever  have  held  a  really 
h.  position  in  the  arts,  if  the  dynamo-electric  machine 
L  not  been  introduced ;  "  and  in  another  place :  "  Indeed, 
^e  have  said,  it  is  doubtful  if  this  branch  of  the  art 
e.,  nickel-plating)  could  even  have  been  extensively 
'sued  with  advantage  on  a  large  scale,  if  battery  power 
ae  were  available."  In  considering  the  subject  of  the 
sent  very  extensive  application  of  nickel-plating,  there- 
^,  the  above  facts  and  explanations  should  not  be  lost 
'Xt  of.  So  general  has  the  demand  for  nickel-plating 
wn  to  be,  and  so  universally  is  it  employed,  that,  for 
sake  of  economy,  hundreds  of  establishments  through- 
the  United  States  engaged  in  the  manufacture  of  the 
^t  miscellaneous  articles  of  brass,  copper,  iron,  and  steel 

t-  of  nickeL  The  quantity  preferred  by  weight  is  ^®j  iron  and  ^'^ 
^«1,  one-tenth  of*  nickel  being  phiced  on  each  surface.  To  secui-e 
^n,  the  iron  or  steel  must  be  perfectly  flat  and  clean.  A  pile  is 
^  with  outer  facings  of  sheet-iron,  to  protect  the  nickel  from 
ifig.  When  the  whole  is  heated  to  the  proper  degree  it  16  passed 
^gh  the  rolls.  The  two  metals  become  so  firmly  united  that  they 
afterward  be  rolled  down  two  or  three  together,  or  separately,  to 
thinness  desired. 
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have  introduced  the  nickeUplating  plant,  and  do  tlim 
own  platino^.  Furthermoi'e,  imminerable  small  artirterf 
metid  of  tritliui^  vahie  are  iiickel-pluted  after  a  fchionjf 
the  niannrnrturers,not  to  protert  them  from  the  action  i/ 
eorrosive  ai^ents,  but  simply  to  cateli  the  eye  of  thv  pnr- 
chaser  antl  to  make  them  selL  As  may  readily  h  iwJi? 
ined,  this  state  of  thinops  has  produced  a  severe  conijif^* 
tion  among  those  engai^ed  in  the  business  of  niekel-platin? 
whieli,  while  it  has  had  the  effect  of  bringing  doun  prit^ 
to  extremely  low  figmes,  has  incidentally  also  had  the  effect 
of  causing  a  very  general  deterioration  of  its  qualit)'. 

An  enumeration  of  the  great  variety  of  products  W 
are  nickel-plated  would  be  impossible;  among  themtnaj 
I       be  named  dental  and  surgical  instruments  of  every  Jf* 
I      scnption,   harness-  and  saddlery-trimmings,   carriagoSt' 
I       ings,  sjioons  and  forks,  locksmith's  work,  brass  cocks  m 
faucets,  and  the  dtT-orative  metal-work  of  phmibin; 
sanitary  wares,  scale-  and   balance-beams  and   weigllt^ 
,       mountings  of  guns  and  pistols,  the  metal  parts  of 
and  lanterns,  fire  grates  and  fixtures,  stove  decorations* 
do<>r-plates,  cuspadores,  watch-  and  clock-cases,  hand  rail* 
in   railway  cars   and  car-seats,  etc.,  stair  rods,  points  of 
lightning  rods,  show-cases,  the  external  parts  of  sewing 
machines,  steam  and  water  valves,  gauges,  and  other  ni»* 
'      chinery  accessories,     Tliese^are  only  a  few  of  the  manj 
products  for  which  nickel-plating  is  extensively  used. 

From  the  very  brief  account  that  Roseleur  gives  ^* 
this  subject,  it  would  appear  that  the  art  of  nickel-pktinj 
had  received  little  or  no  attention  in  France  up  to  tk 
time  of  the  preparation  of  the  fourth  edition  of  his  work 
(IHHO);  furthermore,  from  the  somewhat  contemptuous 
reference  with  which  he  dismisses  it,  it  is  appannit  tiiflt 
at  that  time  lie  had  no  knowledge  of  the  remurkabk 
L    progress  and  development  of  the  art  in  this  country,  ftJi'J 
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QD  conception  either  of  the  perfection  to  which  the  pro- 
cesses had  been  brought,  or  of  the  beuuty  and  utility  of  the 
JTesi^iIts  obtained. 

^-%1  though,  however,  it  would  appear  from  the  remarks 

of    ~^L   Eoseleur,  just  referred  to,  that  nickel-platiny^  had 

lec-^ived  but  little  attention  in  France  up  to   the  year 

18^^€,  the  art  appears  to  have  been  tmnsplanted  to  Eti  gland 

wit-Vi  mueh  success.     The  same  author  we  have  quoted 

abo^e,  says  in  reference  to  this  subject:     "The  time  has 

110%^-  arrived,  however,  when  it  may  l>e  fairly  stated  that 

tbe    art  of  nickel-plating  has  become,  in  proper  hands,  one 

of  tlie  most  successful,  and  at  the  same  time  one  of  the 

^  most  extensive  branches  of  electro-deposition.    For  several 

H  years  nickel-plating  in  this  country  (i.  e,,  England)  had 

■  been  principally  confined  to  some  three  or  four  houses. 

p     Now,  however  (1880),  the  process  has  been  most  exten- 

MVely  adopted  in  JjOndon  and  throughout  the  kingdom,  as 

fdso  in  many  foreign  coiuitries*     There  is  no  doubt  that 

Its  exten**sive  application  in  the  United  States  acted  as  a 

stimulus  to  our  own  manufacturers,  who  have  steadily, 

though  tardily,  recognized  in  nickel  a  most  useful  coating 

tor  ccrtiiin  kinds  of  metal  work." 

^^ickel  Soltiiions.  —  One  of  the    earliest   allusions   to 

^^^  electro-deposition  of  nickel   is   that   of  M.   Ruoltz 

{^^^  Institute  No.  414,  p.  410),  referred  to  in  the  Ji/Are^ 

^^^irhi  for  the  year  1841  (Berzelius,  Jahresb.,\xu.\}Al6y 

Ihfi  reference  is  as  follows  :     '^  The  srune  method,  that  is, 

^^^  use  of  a  solution  of  the  double   cyanide   in   water 

(prepared  by  dissolving  the  metallic  oxides  in  cyanide  of 

P^t^issium),  may  be  emph^yed  for  coating  other  metals 

^^t}j  topper,  tin,  cobalt,  ntrkef,  and  zinc/'     In  the  year 

l^Il,  Smee    (Elements   of  Electro MeiaUurgy^    2d   ed,, 

l^ndon,  1843)  states  that  '^''  metals  may  be  covered  with 

nickel  by  proceeding  as  in  former  cases.     The  solution 

24 
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to  be  used  is  the  chloride  of  nickel  with  a  nickel  positi  ^^ 
pole.     The  single  battery  process  is  to  be  preferred,  h^ 
pure  nickel,  though  vert/  hrUHant^  is  apt  to  be  ratli^^ 
brittle."     In  the  same  year  (1843),  Dr.  R.  Boettger  put> 
lished  an  interesting  account  of  his  experiments  in  platif-  ^ 
with  nickel  (Joht.  far  ^>ra/i"^#Wie    Chemie^  xxx.  p.  2^ 
et  seq,^  1843),  from  which  we  make  the  following  quol 
tion:   "No  salt  of  nickel  or  of  platinum  has  yet  be^^^*^ 
found  well  adapted  to  plating  baBer  metals  with  nickel  ^--^^^ 
platinum.     Kxperience  has  taught  that  a  compound    ^^^^^^-^^ 
cyanide  of  nickel  witli  cyanide  of  potassium,  accordir^  ^9 
to  the  statement  of  Ruoltz,  by  no  means  attains  the  ol^^^ 
ject,  nor  is  the  platinum  salt  recommended  by  him  ar^-  ^ 
better. 

"  From  a  long  series  of  experiments  expressly  made  c^  "*^ 
this  point,  I  believe  I  have  discovered,  and  can  give  tl 
assurance,  tliat  among  all  the  salts  of  nickel  none  is  \ 
well  adapted  to  plating,  especially  on  copper  or  brass,  ; 
the  amuionio-sulphate  of  nickel ;  at  least,  the  cyanide 
nickel  and  jxitassium  recommended  by  Kuoltz  is  far  ii 
ferior  to  it,  even  in  a  very  long-continued,  constant  cu3 
rent.    Sheet  copper  comes  out  of  the  solution  of  ammonic 
flulplmte  of  nickel  almost  s^iher-jthlte  and  hrilUani. 
have   obtained    in   this    manner,   after   the   action   of 
moderately  strong  galvanic  current  for  half  an  hour. 
considerable  deposit  of  nickel  on  copper,  quite  sufficier 
to  deflect  violently  from  the  magnetic  meridian  a  niai£^^' 
netic  needle  suspended  by  a  fibre  of  silk.     A  drop  ^^^* 
common  nitric  acid  on  the  nickel  coating  exhibited  in 
given  time  no   sensible  action  on  the  subjacent  meti*'- 
while  sheet  copper,  which  had  been  allowed  to  rerafli- 
in  a  gilding  bath  under  the  influence  of  the  current  fc^' 
the  same  length  of  time,  was  almost  instantly  attack^  ^^ 
by  nitric  acid.     From  this  it  may  be  inferred  that  tU^ 


it 


I 


KICKEL-PLATrnG. 


371 


galvanically  deposited  nickel  coats  the  copper  more 
^pidly,  adherently,  and  uniformly  than  gold  similarly 
<iepoRited."     .     .     . 

*^  To  prepare  the  salt  of  nickel  here  referred  to,   the 

i^^pure  nickel  of  commerce  suffices  completely.     To  this 

^Jici,  it  is  dissolved  in  nitric  acid,  a  stream  of  sulphur- 

^^tc^d-hydrogen  is  passed  through  the  solution  for  some 

^J^iae  in  order  to  precipitate  all  copper  and  arsenic,  and 

th^  filtered  solution  is  then  precipitated  by  carbonate  of 

socla.     The  well-washed  carbonate  of  nickel  is  dissolved 

*^       dilute  sulphuric  acid,  and  the  solution  is  placed  be- 

*^^i.th  a  bell-glass  over  concentrated  sulphuric  acid,  in 

'^rdcr  to  obtain  it  crystallized.     These  crystals  are  pulver- 

izeci,  tninsferred  to  a  suitable  flask,  and  ammonia  gradually 

poiared  over  them,  until   sufficient  has  been  added  to 

di^^olve  them*      The  resulting  fine,  dark-blue  solution, 

rm^^  be  directly  used  for  the  purposes  above  named*" 

■       It  may  be  proper  to  add,  in  this  connection,  that  one  of 

tfxo    uses  suggested  by  Boettgcr  for  his  solution  is  for  the 

Preparation  of  pure  sheet  nickeh 

In  the  fourth  edition  of  his  work  {Manipulations  Hydro- 
P^^^Miqnes^  Paris,  1880),  Koseleur  affirms  that  as  early  as 
tlio  year  1849  he  had  succeeded,  in  the  establishment  of 
^t-  Kraintz,  at  Grenelle,  in  obtaining  on  table-ware  an 
*^XcieU^nt  deposit  of  nickel  of  considerable  thickness,  w  ith 
tno  use  of  the  double  sulphite  of  nickel  and  ammonium 
^^  t>ie  depositing  solution. 

I^he  next  important  contribution  to  the  art  of  deposit- 
^Sr  nickel  by  galvanic  means,  is  made  by  Mr.  G*  Gore, 
^^Uo,  in  185r5,  employed  the  double  salts  of  nickel  and 
^^tiionia,  i  e,,  the  double  chloride.  In  the  edition,  also, 
^^  his  Electron MetaUurgy.  published  in  186t»  (Griffin  & 
^•»  London*  1860),  will  be  found  a  method  ibr  the  electro- 
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deposition  of  nickel  by  means  of  a  solution  of  the  double 
chloride  of  nickel  and  animoninni. 

In  1862,  MM.  Becquerel,  pire  et  fiU^  read  before  the 
French  Academy  a  paper  on  the  "  Electn>Chemieal  Re-  j 
duction  of  NickcL''  etc.,  an  abstract  of  which  appears  in 
the  Cwnpfes  Rendua  (tome  Iv.  No.  1,  Jnly,  1862,  p.  19), 
from  which  we  make  the  following  extract:  '*  Nickel,  1 
we  operate  with  a  solution  of  sulphate  of  nickel  to  which 
has  been  added  caustic  potassa,  soda,  or  ammonia,  prefer- , 
ably  the  latter  alkali,  to  saturate  the  excess  of  acid. 
Sulphuric  acid  becoming  free  is  saturated  by  oxide  of 
nickel  placed  on  the  l)ottom  of  the  vessel,  or  by  adding  i 
alkali  to  the  solution,  ammonia  by  preference.  At  the  M 
end  of  a  certain  time  we  obtain  a  brilliant,  white  deposit  ™ 
witli  a  slightly  yellow  tint.  According  to  the  moulds  em-  _j 
ployed  it  may  be  obtained  in  cylinders,  bars,  or  medals,  fl 
They  possess,  like  cobalt,  magnetic  polarity  when  taken 
out  of  the  solution.  The  ammoniacal  solution  of  the 
double  sulphate  of  nickel  and  ammonium,  and  even  that 
whicli  is  not  ammoniacal,  likewise  furnish  metallic  nickeh 

In  1869,  Isaac  Adams,  Jr.,  of  Boston,  obtained  a  patent] 
in  the  United  States  for  an  *'  Improvement  in  the  Klectro- 
Deposition  of  Nickel,"  in  wliicli  he  describes  a  method  of 
preparing  the  double  salts  of  nickel — the  double  sulphate 
of  nickel  and  ammonium,  and  the  double  chloride  of 
nickel  and  amraonium^ — by  wliich  the  same  are  obtained 
free  from  certain  impurities,  to  the  presence  of  which,  he  ^1 
claimed,  the  difficulties  in  the  way  of  obtaining  a  satis-  ™ 
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iactory  deposit  of  this  metal  by  galvanic  means  were  as- 
cribable.      lie    describes    in    his   patent   specification    a  < 
method  of  preparing   these   tw^o   compounds  in  such   a 


manner  as  to  be  free  from  the  presence  of  potash,  soda^  ^A 
lime,  alumina,  and  nitric  acid,  and  directs  that  the  electro-  ™ 
deposition  of  nickel  by  means  of  either  of  these  double 
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salts  must  be  done  trom  a  solution  that  is  free  from  acid 
or  alkaline  reaction.  He  likewise  claims  as  his  invention 
a  method  of  preparing  the  nickel-plates  to  be  used  as 
anodes  in  the  depositing  cells,  which  consists  in  melting 
the  nickel  and  combining  it  with  iron,  for  the  purpose  of 
avoiding  the  bad  effects  produced  by  cdpper  and  arsenic 
when  these  are  present  as  impurities  in  commercial 
nickel.  The  eflFect  of  the  addition  of  iron  to  the  nickel 
(the  amount  being  the  chemical  equivalent  of  the  copper 
and  arsenic  present),  Mr.  Adams  affirms,  is  to  prevent  the 
deposition  of  the  above  named  impurities  with  the  nickel. 
Quoting  from  the  patent,  "  the  iron  itself  is  almost  wholly 
precipitated  as  a  peroxide,  and  is  not  deposited  with  the 
nickel  to  a  sufficient  extent  to  injure  the  character  of  the 
deposit.  Neither  does  it  injuriously  aflFect  the  solution. 
The  effect  of  the  iron  upon  the  copper  is  either  to  pre- 
vent it  from  being  dissolved,  or,  if  dissolved,  to  immedi- 
ately reduce  it  upon  the  anode  where  it  forms  a  coating 
which  may  be  reduced  from  time  to  time  by  scraping. 
The  arsenic  forms  an  insoluble  precipitate  with  the  per- 
salt  of  iron." 

Mr.  Adams  continues: — 

"  Having  prepared  the  solutions  and  anodes,  as  herein 
described,  nickel  may  be  readily  deposited  ;  but,  in  order 
to  carry  on  the  deposition  continuously,  it  is  necessary  to 
observ'e  certain  precautions :  First,  the  use  of  a  battery  of 
too  high  an  intensity  must  be  avoided.  An  intensity  of 
two  Smee  cells  is  sufficient.  A  high  intensity  decomposes 
the  solution  and  liberates  free  ammonia,  thus  rendering 
the  solution  alkaline,  and  impairing  its  value.  Whenever 
the  smell  of  free  ammonia  arises  from  the  decomposing- 
cell  the  operator  may  be  certain  that  the  solution  is  being 
injured.  It  is  important  that  the  depositing  shall  not  be 
forced  by  the  use  of  too  strong  a  current.     Second,  it  is 
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important  that  great  precaution  should  be  used  to  pTcvent 
the  introduction  into  the  solution  of  even  minute  qiMWl*' 
ties  of  potash,  soda,  or  nitric  acid.  When  an  artiek  to 
be  coated  is  cleaned  in  acid  or  alkaline  water,  or  is  iniro 
duced  into  it  for  any  purpose,  the  greatest  care  must  te 
taken  to  remove  all  traces  of  these  substances  before  tbe 
article  is  introduced  to  the  nickel  solution,  as  thtMiitr> 
duction  of  the  most  minute  quantities  of  acids  oralkftfc 
will  surely  be  injurious.  It  is  important  that  thedutiofl 
be  kept  free  from  all  foreign  substances,  but  its  p«iT^ 
from  those  above  named  is  especially  important.  Thinly 
the  anode  of  the  depositing-cell  should  present  a  ^^\^^ 
to  the  action  of  the  solution  somewhat  larger  tlian  lli»' 
surface  upon  which  the  deposit  is  being  made^  particularly 
in  the  double  siJphate  solution.  The  re^ison  is  that  nkW 
dissolves  so  slow^ly,  that  if  the  exjiosed  surface  is  not  Ui?*^ 
than  the  surflice  on  which  tlie  deposit  is  made,  thesol^n^^ 
will  not  keep  saturtited.  On  the  other  hand,  if  the  aoiw^ 
is  very  mucli  larger  than  the  |)ositive  pole  it  tends  top^ 
a  deposit  of  black  powder.  Fourth,  if  zinc  is  to  be  (^^ 
it  should  first  be  coated  wath  copper,  as  it  is  diffiruH  ^^ 
make  nickel  adhere  to  zinc,  and  there  is  danger  that !"'' 
zinc  may  be  acted  on  and  injure  the  solution- 

'*  With  solutions  and  anodes  tluis  prepared  and»^ 
the  deposition  of  nickel  can  be  carried  on  contin^"'"  • 
and  almost   as  surely  and  certainly  as  the  de|mti^^*^ 
copper  from  the  common  sulpluUe  solution,  thoiigb  ^^^ 
limits  of  the  battery-power  which  may  be  used  aie^ 
rower.     The  metal  deposited  is  compact,  cohesive,  ^ 
tenacious.     It  may  be  deposited  of  nearly  uniform  tbif*' 
ness  over  any  surface,  however    large.      The  tkposi^^ 
metal  is  capable  of  Wing  annealed  by  a  heat  IjoIo^  * 
low-red  heat.     It  then  becomes  flexible,  malleable,  > 
ductile.     The  deposit  may  be  made  of  any  recpiired  tbi*l 
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less,  either  to  furnish  effectual  protection  to  the  metal  on 
hich  it  is  deposited,  or  to  be  removed  and  used  separately 
"om  the  surface  on  wliich  it  may  be  deposited." 

In  the  same  year,  but  a  few  months  earlier  than  the 
ate  of  the  patent  above  referred  to,  a  patent  had  been 
ranted  to  the  same  inventor  for  the  use  of  a  solution  ol 
he  sulphite  of  nickel,  in  a  solution  of  sulphite  or  bi-sul- 
bite  of  ammonivuii.     This  solution  is  identical,  apparently 
ith  that  which  M.   Roselcur  claims  (see  ante)  to  have 
sed  as  early  as  1819  with  excellent  results  in  the  estab- 
hment  of  M.  Kraintz,  at  Grenelle.  but  which,  as  we  glean 
rem  a  '*  Notice  suppiementaire  sar  le  Nickelage^**  which 
e  has  lately  issued,  he  has  discarded  in  favor  of  the 
ouble  sulphcate. 

The  Adams  patents  were  the  first  on  the  subject  ot 
ickel-plating  in  the  United  States,  and  the  rapid  dcvel- 
pment  of  the  art  to  the  proportions  of  an  important  in- 
ustry,  w^hicli  took  place  within  a  few  years  thereafter, 
fives  color  to  the  claim  that  Mr,  Adams  is  entitled  to  the 
icredit  of  being  the  originator  of  the  art  of  nickel-plating. 
We  have  elsewhere  pointed  out  that  the  true  explanation 
pf  the  remarkable  growth  of  this  art  is  to  be  found  in  the 
ipubstantial  improvements  in  the  metallurgical  treatment 
pf  nickel  by  w^hich  anodes  of  any  desired  size,  and  of  great 
nurity,  were  placed  at  the  service  of  the  nickel-plater  ;  and 
smore  especially  in  the  invention  and  improvement  of  the 
dynamo-electric  machine,  which  has  made  the  nickel-plater 
independent  of  the  imcertain  and  troublesome  chemical 
battery*  Had  it  not  been  for  the  want  of  these  two  im- 
portant elements  of  success  in  this  branch  of  the  gal  van  o- 
■plasticart,  plating  with  nickel  would  unquestionably  have 
been  extA*nsively  practised  years  before  it  actually  assumed 
position  as  a  successful  and  popular  industry. 
It  cannot  be  denied,  however,  that  Mr.  Adams,  by  di- 
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recting  the  attention  of  technologists  to  the  oxcelN 
qualities  of  the  double  salts  of  nickel  and  ammoninra,ai 
a  time  when  everything  was  ripe  for  tlic  new  inJu^tn, 
materially  assisted  in  railing  it  into  existence,  and  \\\^ 
suring  its  commercial  success. 

The  years  immediately  succeeding  1869  were  veniifo* 
lific  of  inventions  relating  to  the  art  of  mckel*pla!iii?i 
most   of  w^hich,  however*  were  comparatively  v,'    ' 
We  select  for  notice  a  tew  that  appear  tf>  liave  rm  . 
features. 

In  1877,  Mr.  Unwin,  of  Sheffield,  England,  dem^a« 
ingenious  process  of  preparing  the  double  salts  of  nick^ 
and  ammonium.  Tliis  consists  in  preparing  a  stron^^  ^olv* 
tion  of  sulphate  of  ammonium,  by  dissolving  the  salt  to  W 
water  in  the  proportion  of  about  four  pounds  of  the  salt  to 
each  gallon  of  water,  then  filtering,  if  necessary,  antl  alio'?' 
ing  the  hquid  to  become  cool.  The  double  sulplm^*^'^ 
nickel  and  ammonium  is  obtained  by  adding  this  jioliitiott 
to  one  of  the  sulphate  of  nickel.  The  novelty  of  Mr* 
Unwinds  process,  however,  resides  in  the  fact  that  he  tloef 
not  stop  the  addition  of  the  sulphate  of  ammonimn  wlien 
sufficient  lia.s  been  added  to  combine  with  all  the  sulphate 
of  nlckt^l  present,  but  continues  to  add  it  in  large  csces»« 
'"  I  do  this,"  says  Mr.  Unwin,  "because  I  have  discovert^ 
that  the  double  sulphate  of  nickel  and  ammonia  is  kt  1^ 
soluble  in  the  solution  of  sulphate  of  ammonia,  thau  ^ 
pure  water,  so  that  it  is  precipitated  from  its  sobitiou iQ 
water  on  adding  sulplmte  of  ammonia,  I  therefore  t* 
tinue  adding  the  sokition  of  sulphate  of  ammonia,  contitiQ* 
ously  stirring,  imtil  the  liquid  loses  nearly  all  its  color, bf 
wliich  time  the  double  suIpluUe  oftnckel  andammonut^'^^ 
have  been  precipitated  as  a  light-blue  crystalline  povvtH 
which  readily  settles  to  the  bottom  of  the  vesseL  1  tlv 
pour  off  the  liqiud  from  the  crystalline  precipitate  of  dou 
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.   snlphate  of  nickel  and  ammonia  and  wash  the  latter  qnick- 
■ly  with  a  strong,  cold  solution  of  sulphate  of  ammonia  as 
■often  as  I  consider  necessary  for  its  sufficient  purification  ." 
Ir^y  ^hh  procedure  it  will  he  perceived  that  the  douhle  salt 
^f  nickel  and  animonium  is  tlirown  down  in  a  pulverulent, 
P"^riular  condition,  readily  soluble  in  water,  and  there- 
foro  ready  for  use  in  the  depositing  vat,  without  waiting 
'^^  the  tedious  process  of  crystallization. 
_      In  1878,  Edward  Weston,  of  Newark,  N,  J-,  noticing 
W^  favorable  inliuence  upon  the  electro^deposition  of  nickel, 
B^^xired  a  patent  for  '*  the  electro-deposition  of  nickel  by 
B^^^ns  of  a  solution  of  the  salts  of  nickel  containing:  boric 
^^icl,  cither  in  its    free  or  combined  state.     The  nickel 
^Itxs  may  be  citlicr  single  or  double/'     Mn  Weston  af- 
^^Jri[is  that  the  presence  of  boric  acid  prevents  the  deposit 
Wf  ^ub-salts  upon  the  articles  in  the  bath,  which  is  apt  to 
'^c^nr  if  the  bath  is  not  in  proper  working  condition  ;  he 
g^-ims,  furthermore,  that  its  addition  in  either  the  free  or 
B^^i^bined  state  to  a  solution  of  nickel  salts  diminishes  the 
^N- IjiUty  to  the  evolution  of  hydrogen  when  the  solution  is 
B^^d  for  the  electro-deposition  of  nickel,  and  increases  the 
^^pidity  of  deposition,  by  permitting  the  use  of  a  more  in- 
fuse current,  and  improves  the  character  of  the  deposit 
oy  rendering  it  less  brittle  and  increasing  its  adhesion. 
■      The  results  of  extended  practical  trials  of  Mr.  Weston's 
formula,  made  by  the  writer,  have  convinced  him  of  the 
substantial  correctness  of  the    claims    of  this    invcntor. 
Where  the  double  sulphate  of  nickel  and  ammonium   is 
fu^ed,  the  addition  of  boric  acid  in  the  proportion  of  from  1 
[to  3  ounces  to  the  gallon  of  solution  gives  a  bath  less  dif- 
dt    to  nuiintain  in  good  w^orking  order,  and  affords  a 
llrongly  adhesive  deposit  of  nickeL     The  deposited  metal 
5  dense  and  white,  approaching  in  brilliiuicy  that  obtained 
from  the  solution  of  the  double  cyanide. 
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In  1880  J,  Powell,  of  Cincinnati,  patented  an  clectro 
depositing  solution  '*  composed  of  the  pyrophosphate  of 
soda,  phosphate  of  nickel,  the  bisulphite  of  soda,  and 
citrate  of  nickel  and  ammonia/' 

In  the  same  year  C.  G.  Pendleton,  of  New  York,  jiat- 
ented  the  use  of  an  acid  solution  of  the  acetate  of  nickel 
The  inventor  emphasizes  the  caution  that  this  solution 
must  always  be  kept  acitl  The  metallic  strength  of  thi^ 
solution  is  fully  maintained  by  the  dissolving  of  \^^^  j 
anodes,  and  the  bath  consequently  requires  no  addition* , 
of  fresh  salt. 

An  interesting  suggestion  is  that  patented  in  1880      ; 
Mr,  Powell,  ^lud  which  covers  the  use  of  benzoic  acid     ^ 
nickel-plating  solutions.     In  describing  his  improvem^^ 
Mr.  Powell  calls  attention  to  the  fact  (?)  that  simple  sa  ^ 
of  nickel  cannot  be  used  on  account  of  their  iliilure 
yield  a  reguline  deposit.     He  claims  to  have  discover^^ 
that  tlie  addition  of  benzoic  acid  to  any  of  the  nickel  salt^ 
arrests  in  a  marked  degree  the  tendency  to  an  imperfect 
deposit,  and  prevents  the  decomposition  of  the  solution, 
and,    consequently,    the     formation    of    sub-salts.       The 
amount  of  benzoic  acid  necessary  to  be  added  to  the  bath 
for  this  purport*  is  said   to  be  |  ounce  to  the  gallon  of 
solution.     He,  therefore,  claims   ''  an-  electro-depositing 
solution  consisting  of  a  soluble  salt  of  nickel,  its  solvent 
and  benzoic   acid."     This  bath  is  reported  to  give  very 
satistiictory  results* 

In  the  same  year  Mr.  J.  H.  Potts,  of  Philadelphia,  was 
granted  a  patent  for  an  improved  solution  for  the  elect rofl 
deposition  of  nickel  ''consisting  of  the  acetate  of  nickel 
and  the  acetate  of  lime  with  the  addition  of  sufficient  free 
acetic  acid  to  render  the  solution  distinctly  acid."  Mr* 
Potts  prepares  his  bath  as  follows :  He  precipitates  the 
carbonate  of  nickel  from  a  boiling  aqueous  solution  of  the 
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sulphate  by  the  addition  of  bicarbonate  of  sodium,  filters 
and  dissolves  the  well-washed  precipitate  in  acetic  acid, 
with  the  aid  of  heat. 

The  acetate  of  calcium  he  prepares  by  treating  caustic 
lime,  or  the  carbonate  (marlile-dust)  with  sufficient  acetic 
acid  to  dissolve  it  with  the  aid  of  heat.  The  solution  of 
these  salts  is  acidified,  slightly  but  distinctly,  with  acetic 
acid. 

This  solution,  which  we  have  worked  with  under  a 
Tariety  of  circumstances,  we  have  found  to  be  in  many  re- 
spects an  excellent  one.  It  gives  satisfactory  results, 
without  that  care  and  nicety  in  respect  to  the  condition 
of  the  solution  and  the  rejs^ulation  of  the  current  which 
are  necessary  with  the  double  sulphate  solution.  The 
metallic  strength  of  the  solution  is  fully  maintained, 
without  requiring  the  addition  of  Ircsh  salt,  tlie  only 
point  to  be  observed  being  the  necessity  of  adding,  from 
time  to  time  (say  once  a  week),  a  sufficient  quantity  of 
acetic  acid  to  give  a  distinctly  acid  reaction.  The  Potts 
solution  is  rather  more  sensitive  to  the  presence  of  a  large 
quantity  of  free  acid  than  to  the  opposite  condition ;  as 
the  former  condition  is  a]>t  to  produce  a  black  deposit, 
while  it  may  be  run  down  nearly  to  neutrality  without 
notably  aflfecting  the  character  of  the  work.  The  de- 
posited metal  is  chamcteristically  bright  on  bright  surfaces, 
and  requiring  but  little  buffing  to  finish.  It  does  not 
appear,  however,  to  be  as  well  adapted  for  obtaining 
deposits  of  extra  thickness,  as  the  commonly  used  double 
sulphat^^  of  nickel  and  ammonium.  On  the  other  hand, 
its  stability  in  use,  the  variety  of  conditions  under  which  it 
will  work  satisfactorily,  and  the  trifling  care  and  attention 
it  calls  for,  make  it  a  serviceable  solution  lor  nickehng.* 

*  From  experimept^  of  the  writer,  there  would  seern  to  he  groirndsi 
fur  the  henrrtliui  ji  .loublo  acetale  of  nickel  and  calcium  is  formed  in  the 
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FORMULAE   FOR   NICKEL-PLATING  SOLUTIONS- 
No.  1. 
Double  sulphate  of  nickel  and  ammonium        5  to  8  purU. 
Water 100    " 

Dissolve  the  nickel  double  salt  in  the  above  quantityrf 
water  with  the  aid  of  heat.  Cautiously  add  ammonia,* 
the  sulphate  of  ammonium,  until  the  solution  is  neutnlti 
test-paper.  This  solution  should  be  maintained  asneidj 
neutral  as  possible  in  use.  This  is  commonly  known  ii 
the  United  States  as  the  Adams  solution.  It  is  in  ^* 
general  use  by  nickel-platers  throughout  the  UniW 
States,  and  yields,  when  properly  managed,  excdW 
results. 


No.  2. 

Double  sulphate  of  nickel  and  ammonium  10  parts. 

Boric  acid  (refined)       .         .         .         .        2^  to  5    " 
AVator 150  to  200    » 

(Weston's  sohition.)     The  superiority  of  this  solution  is 
generally  acknowledged.     The   deposited  metal,  as  ptt- 
viously  remarked,  is  almost  silver- white,  dense,  homoge- 
neous and  tenacious ;  and  the  solution  maintains  its  ex- 
cellent working  quality  very  uniformly' in  long-continued 
service. 

The  nickel  salt  and  boric  acid  may  be  dissolved  sepa 
rately  in  boiling  water,  the  solutions  mixed,  and  the  vol 
ume  brought  up  to  that  of  the  formula,  or  the  two  com 
ponents  may  be  dissolved  together. 

Pottv««  solution.  As  prepared  according  to  the  formula  given.bjtl 
inventor,  liowever,  it  contains  a  considerable  excess  of  the  acetate 
calcium  boyond  tliat  required  tor  the  formation  of  a  double  salt,  the  pre 
ence  ot'  which  renders  the  determination  of  the  fact  very  difficult. 
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No.S. 

Acetate  of  nickel 2|  parts. 

Acetate  of  calcium       .         .         .         .         .       2^     *' 

Water 100     " 

To  each  gallon  of  this  solution  add  1  fluidounce  acetic 
acid  1.047  sp.  gr. 

To  prepare  this  bath,  dissolve  about  the  same  quantity 
of  the  dry  carbonate  of  nickel  as  that  called  for  in  the  for- 
niiila  (or  three-quarters  of  that  quantity  of  the  hyd rated 
oxide)  in  acetic  acid,  adding  the  acid  cautiously,  and  heat- 
^ng-  until  effervescence  has  ceased,  and  solution  is  com- 
plete. The  acetate  of  calcium  may  be  made  by  dissolving 
the  same  weight  of  carbonate  of  calcium  (marble-dust)  as 
thixt  called  for  in  the  formula  (or  one-half  that  quantity 
^^  caustic  lime),  and  treating  it  in  the  same  manner. 
-^dd  the  two  solutions  together,  dilute  the  volume  to  the 
^^cj^xiired  amount  by  the  addition  of  water,  and  then  to 
^^Cil  gallon  of  the  solution  add  a  fluidounce  of  free  acetic 
^^ic3,  as  prescribed.     (Potts's  solution.) 


No.  4. 

Sulphate  of  nickel  and  ammonium          .         .  10  parts. 

Sulphate  of  ammonium          .         .         .         .  4     ** 

Citric  acid 1  part. 

Water 200  parts. 

"^Xhe  solution  is  made  with  the  aid  of  heat,  and  when 
^1,  small  fragments  of  carbonate  of  ammonium  should  be 
^ed  until  the  bath  is  neutral  to  test-paper. 

No.  5. 

Sulphate  of  nickel 6  parts. 

Citrate  of  nickel 3     '* 

Phosphate  of  nickel 3     " 

Benzoic  acid 1^  part. 

Water 200  parts. 

^owell's  solution.) 
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No.  6. 

Phosphate  of  nickel 10  parte. 

Citrate  of  nickel 6    " 

Pyrophosphate  of  sodium      .         .         .         .  10    " 

Bisulphite  of  sodium 1^  ** 

Citric  acid 3    " 

Aqua  ammonia 15    *^ 

Water 400    " 

(Powell's  solutions.)  These  solutions  yield  good  r^ultei 
but  their  complex-  composition  must  debar  them  fwDi 
general  use. 

No.  7. 

Sulphate  of  nickel 6  parts. 

Aqua  ammonia 3    ^^ 

Water 100    " 

When  the  nickel  is  dissolved,  add — 

Aqua  ammonia 20  parts. 

This  bath  is  similar  to  that  recommended  by  Pwt 
Boettger ;  it  is  said  to  be  well  suited  for  the  purposes  of 
amateurs,  inasmuch  as  it  gives  good  results  with  a  pk^ 
num  anode.  It  is  worked  at  a  temperature  of  100°  Fan- 
with  a  moderate  current.  It  requires  renewal  from  tiiB^ 
to  time  as  it  becomes  impoverished  in  nickel,  by  addition  of 
fresh  nickel  salt ;  it  must  also  be  kept  alkaline  by  the  oc- 
casional addition  of  ammonia. 


No.S. 

Sulphate  of  nickel  and  ammonium 

.     10   parts. 

Sulphate  of  ammonium 

.     H  ' 

Water 

.  250      »* 

Dissolve  in  boiling  water  and  allow  to  cool.  Th^ 
proportions  are  recommended  for  coating  objects  of  cast 
and  wrought  iron,  and  steel. 
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No.  9. 

Sulphate  of  nickel  and  ammonium         .         .  10  parts. 

Sulphate  of  ammonium         .         .         .         .  2     '^ 

Water 300     " 

Dissolve  as  above.     Recommended  for  coating  brass, 
copper,  tin,  Britannia,  lead,  zinc,  etc. 


No,  10. 

Sulphate  of  nickel  and  ammonium          .         .  6  parts. 

Chloride  of  ammonium  (sal-ammoniac)          .  3     " 

Water 100     " 


No.  11. 

Nitrate  of  nickel,  )  ,        . 

'  V  equal  parts. 
Aqua  ammonia       ) 

When  solution  is  complete,  dilute  with  twenty  or  thirty 
»  times  its  volume  of  a  saturated  aqueous  solution  of  bisul- 
phite of  sodium.     (Roseleur.) 

This  is  the  solution  employed  by  Roseleur  (see  ante). 

^he  deposit  has  a  dull,  gray  color. 

"Watt  {Electro-Metallurgy^  7th  ed.,  p.  94)  recommends 

^^   ordinary  purposes  the  following  solution,  which  he 

^^^Rrms  will   give,  in  careful   hands,  very  good  results. 

**  l^ake,  say  2  ounces  of  pure  nickel,  dissolve  in  hydro- 

^*^  X  oric  acid,  taking  care  not  to  have  an  excess.     A  gentle 

^^^'^t  will  assist  the  operation.     When  dissolved,  dilute 

^^^^  solution  with  1  quart  of  cold  water.     Now  add  am- 

^^^^^ia  gradually,  until  the  solution  is  quite  neutral  to  test- 

P^X^r-     Next,  dissolve  1  ounce  of  sal-ammoniac  (chloride 

^^     ammonium)  in  water,  and  mix  this  with  the  former 

s^lxition.      Lastly,   evaporate    and    crystallize   slowly." 

v*Xe  resulting  salt  will  be  the  double  chloride  of  nickel 

?^i  ammonium.     It  is  one  of  the  earliest  solutions  used  for 
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nickel-plating  by  Smeeand  Gore,  and  is  affirmed  by  r '^^^ 
writers  to  give  good  results.     According  to  Smoe,     ^ 
simple  chloride  of  nickel  will  yield  a  dejiosit  having  ^ 
very  brilliant  lustre. 

We  can  luiqualifiedly  confirm  the  statement  of  Gr<J^ 
(KhftrcH Metallurgy,  1871,  p.  233)  who  remarks  that  tl^^ 
deposit  obtained  fiom  a  solution  of  the  double  cyanide    ^ 
nickel  and  potassium  "is  said  to  be  nearly  equal  in  whi*^^^ 
ness  to  silver."     ^^^c  have  nbtuined  deposits  with  this  ^^^ 
lution  of  such  extreme  whiteness  and  beauty  as  to  decei'*^ 
even  an  expert  on  casual  inspection  into  the  belief  tl:i^^ 
they  were  silver.     The  solution,  however,  rapidly  lo?^^^^ 
its  activity  because  of  imperfect  conductivity,  and  ru*'*'' 
down  in  strength  because  of  tlie  difficult  solubility  of  tt"^^ 
anode  in  the  electrolyte,  and  is  so  difficult  to  manage  th^^^^ 
it  is  impracticable  for  general  use.     This,  at  least,  is  t 
opinion  we  have  reached  after  many  trials  of  it     We  a 
informed,  nevertheless,  that  it  is  successfully  used  on 
large  scale  in  certain  nickel-plating  works  in  thiscountr 
though  we  have  not  been  able  to  substantiate  the  fact. 

To  ]>repare  this  bath,  take  a  solution  of  any  salt  o 
nickel,  and  add  cyanide  of  potassium  solution  so  long  a^^ 
a  precipitate  continues  to  be  formed,  !»eing  careful  to  avoid^ 
adding  an  excess.     Then  remove  the  liquid  either  by  de- 
cantation  or  filtration ;  and  after  several  washings  dissolve 
the  ])recipitate  almost  to  saturation  in  a  cyanide  of  potas- 
siinn  solution ;  or  make  a  completely  saturated  solution,  to 
which  add  a  quantity  of  free  cyanide  of  ].K>tassium^     The 
brownish-red  solution  is  then  ready  for  use. 

It  may  he  added,  in  conclusion,  that  the  double  sulphate 
of  nickel  and  ammonium  is  tlie  solution  most  generally 
used  by  electro-platers  with  nickel. 

General  Observaiiorw, — ^^Hiere  the  doidile  sulphate  of 
nickel  and  ammonium  is  used,  it  is  important  that  the 
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*^l>^irator  should  bear  in  mind  the  caution  to  maintain  the 
wth  as  nearly  neutral  as  possible.  Tliere  is  a  diversity  of 
*^l>inion  amoi]g  inckel-platers  upon  this  point,  some  pre- 
ferring to  operate  with  a  slightly  acid  bath,  while  others 
prefer  the  opposite  condition.  Experience  has  shown  that 
the  solution  will  g^ve  satisfactory  results  either  when 
lightly  acid  or  slightly  alkaline,  and  as  the  chemical  char- 
^et^r  of  the  bath  during  electrolysis  is  constantly  being 
*^^odified,  it  is  manifestly  impossible  for  the  operator  to  do 
'^ore  than  to  keep  his  solution  approximately  in  the  right 
*^iidition.  A  strongly  acid  solution  will  fail  to  give  a 
^^X^osit,  Wlien  the  bath  therefore  is  found  to  be  in  this> 
^^tidition,  the  addition  of  sufficient  ammonia  to  restore  its. 
I  *^^\itrality  wdl  bring  it  to  working  condition. 
B  It  is  only  by  accident  or  carelessness,  however,  that  the 
H^ol^ition  will  become  inoperative  from  this  cause,  as  the 
"^tiomical  changes  which  occur  in  the  double  sulpliate  of 
^^oliel  and  amtnoninra,  under  the  influence  of  the  electrical 

t*^^^rent,  and  under  the  conditions  in  w^hich  it  is  commonly 
P^»ed  in  the  plating  bath,  are  sach  as  to  cause  it  to  gradually 
^^^xime  an  alkaline  character.  This  is  due  to  the  fact  that 
"c>t,  rimply  sulphate  of  nickel,  but  to  some  extent  also  sul- 
P*»l^te  of  ammonium,  undergoes  decomposition   into   its 

K^*«^ximate  constituents.  The  sulpliuric  acid  set  free  by 
^^  decomposition  of  the  ammonium  sulphate  will  form 
*^  equivalent  quantity  of  sulpluite  of  nickel  by  solution  of 
He?  anode,  while  the  ammonia  will  remain  free,  and  grad- 
^^^Ijy,  as  it  accunudates,  will  impart  a  decided  alkalinity 

1^  the  bath.  The  more  intense  the  current  employed,  the 
**^^^i'e  pronounced  will  be  the  decom^xisition  of  the  solution 
^^<l  the  liberation  of  free  ammonia.  As  this  change  pro 
S^^sses,  the  quality  of  the  work  is  more  or  less  unlavorably 
'^*^*ienced.  Accompanying  this  change,  especially  where 
^  Current  employed  is  irregular  and  at  times  too  intense, 
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there  is  also  a  precipitation  of  some  of  the  nickel,  probaki 
in  the  form  of  basic  salt,  by  which  the  metallic  strength^ 
the  Imth  is  irajiuired,  imd  vvhirh  necessitates  the  adJiti<JJ 
of  fresh  quantiHes  of  the  doubU*  sulphate  from  time  totioi 
Where  a  current  of  only  moderate  intensity  is  n^J 
which  is  uniformly  maintained,  these  difficulties  will  klj 
duced  to  a  minimum,  and  the  solution  will  maintain  iti 
in  good  workiuf;^  order  for  a  lonsr  time,  rt^quiring  onM 
occasional  addition  of  a  little  sulplnmc  acid  to  correrta 
pronoiuiced  alkalinity  that  may  be  exhibited,  when  te 
as  it  shoidd  be  at  frequent  intervals,  with  test-paper. 
metallic  nickel  is  witli  difficulty  soluble,  the  nseof  (x»A 
ratively  large    anode  siu'lixces  is  necessar)%  beaiujiel 
nickel  dissolves  so  slowly  tliat  if  the  anode  surface  exp 
in  the  depositing  vat  is  not  considerably  larger  than  1 
of  the  olijects  on  w^hicli  the  deposit  is  made,  the  salti 
will  not  keep  saturated. 

From  the  preceding  remarks  it  will  be  unneceiJ 
perhaps,  to  add  that  the  double  sulphate  solution  fo£^ 
monly  used  by  nickel-platers  presentv^  greater  diffic 
in  its  employment  than  the  acid  solutions  of  PendW 
Potts,  and  others.    By  carefully  observing  the  above-nit 
precautions,  how^ever,  much  trouble  and  annoyance  «ii 
be  avoided. 

Again,  the  strength  of  the  curi'ent  shoidd  be  careiti! 
regulated  according  to  the  surface  of  the  articles  in  ^ 
bath,  or  the  work  will  be  apt  to**  bum;'*  that  is  tte 
metal  will  be  precipitated  as  a  dark-gray  or  black  deiwsfit* 
wliich  discolors  and  renders  it  useless,  i  This  is  evident 
that  the  cuiTcnt  is  too  strong.  To  obviate  tins  di 
wliich  isapt  to  oianifest  itself  when  small  articlesai-  - 
placed  in  the  bath,  the  plan  is  generally  adopted,  by 
fill  operators,  of  susjK'uding  a  plate  of  nickel,  presen 
considerable  surface,  at  both  ends  of  the  rod  from  wl 
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the  articles  are  suspended  in  the  bath.     By  thus  divert- 
ing the  current,  the  "  burning"  of  the  work  is  prevented. 

As  a  general  rule  it  is  w^ell  to  observe  that,  other  things 
being  equal,  the  slower  the  rate  of  deposition,  the  more 
adherent  and  tenacious  the  coating  of  deposited  metal 
will  be.  Where  the  metal  deposits  too  rapidly,  the  deposit 
is  apt  to  be  brittle,  and  to  exhibit,  especially  in  the  case 
of  a  heavy  coating,  a  tendency  to  split  and  flake.  This 
is  due  to  the  liberation  of  hydrogen  at  the  cathode,  and 
"Hrhich  is  occluded  by  the  electro-deposited  nickel.  To 
obtain  satisfactory  results  it  is  important  that  the  articles 
should  be  "struck,"  that  is,  receive  a  uniform  coating 
ni  mediately  after  they  are  immersed  in  the  bath.  This  is 
n  indication  that  the  articles  have  been  properly  cleaned, 
rx<l  are  in  good  condition  to  receive  the  deposit,  and 
2S.0  that  the  bath  is  in  working  order.  After  this  first 
;^er  has  been  deposited,  the  subsequent  rate  of  deposition 

xnuch  slower,  for  the  reason  that  the  deposit  of  nickel 
^  nickel  does  not  take  place  as  readily  as  upon  a  foreign 
^r^tal,  and  this  rule  holds  good  of  all  metals. 

Nickel  solutions  are  feebler  conductors  of  electricity 
^  ^xa  those  of  gold,  silver,  and  copper,  which  is  one  of  the 
^^sons  why  its  ielectro-deposition  is  attended  with  more 
^•^culties  than  are  experienced  with  the  metals  named. 
•^^  this  account,  also,  it  is  necessary  to  employ  stronger 
-  ;^ositing  solutions  than  those  used  for  gold  and  silver, 
^  ^  also  a  stronger  current.  To  make  up  for  this  want  of 
^'^mductivity  it  is  advantageous  to  use  a  much  larger  anode 
-^*Hace  than  is  customary  with  other  metals,  and  it  is  neces- 
^^  to  place  an  anode  on  both  sides  of  an  article  to  be 
^^ted.  The  usuial  arrangement  with  a  large  vat  is  to 
^A^e  two  rails  of  brass  the  whole  length  of  the  vat,  rest- 
^S  on  the  edges  of  the  same,  from  which  two  rows  of 
^^-^  or  rolled  nickel  anodes  (to  which  copper  wires  are 
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soldered)  art*  suspended.  Between  these  outer  rods  is 
placed  a  siuiilar  one  also  rnnning  the  whole  length  of  the 
vat,  and  from  this,  by  means  of  suitable  slinging  ^ire^, 
the  articles  to  Ik?  plated  are  suspended  in  the  bath.  The 
ends  of  the  rails  nearest  the  battery,  or  dynamo,  are  ^\nU 
ably  connected  therewith  in  the  usual  order.  The  work 
thus  hangs  l>etween  the  two  rows  of  anodes* 

Matt  {ElrctroMeiaJhtrgy,  7  th  ed.,  \Q4^€i  seq,)  very  pro* 
perly  rails  tlie  attention  of  the  o^ierator  in  this  connection 
to  the  importance  of  having  the  wire  siipports  from  which 
the  articles  are  hung  in  the  depositing  vat,  of  a  gauge 
suited  to  the  character  of  the  work.  Small  articles  will 
recpiire  but  a  very  thin  wire,  while  larger  ones  will  require 
correspondingly  thicker  slinging  wire.  On  the  same 
point  he  cautions  the  operator  that  the  difference  of  con- 
dnctinty  in  the  metals  to  he  plated  is  to  be  considered^ 
''  for,  whereas,  a  steel,  brass,  or  copper  article  would 
bt'come  readily  *'  stiiick,"  even  if  suspended  from  the  eon- 
ducting-rod  by  a  thiu  wire,  articles  of  lead,  Britannia- 
metal,  pewter,  or  even  cast  iron,  would  not  receive  the 
deposit  so  readily."  It  is  obvious,  therefore,  that»  in  sus- 
pending articles  in  tlie  plating  bath,  the  operator  ra\ist 
be  guided  in  the  matter  of  the  thickness  of  his  sling-ing 
wires,  by  the  nature  of  the  articles,  as  well  as  by  their 
dimensions. 

It  cannot  be  too  strongly  impressed  on  the  operator, 
that  the  attainment  of  success  in  nickel-plating  depends 
very  largely  upon  the  jjerkx-t  cleansing  of  the  articles 
before  they  are  immersed  in  the  bath.  Important  as  we 
have  found  this  operation  to  be  in  plating  with  other 
metals,  it  is  even  more  important  in  the  case  of  nickel. 
Gilding,  silvering,  bronzhig,  etc.,  arc*  usually  effected  with 
solutions  having  a  decidedly  alkaline  character  (reference 
is  made  here  to  the  double  cyanide  solutions  commonly 
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used),  and  the  presence  of  minute  traces  of  oxide  from 
careless  exposure  to  tlie  air  after  cleansing,  or  of  grease 
from  the  fingers,  etc.,  on  the  surface  of  the  articles  to  be 
plated,  is  not  necessarily  fatal  to  the  success  of  the  work, 
as  the  free  cyanide  present  in  those  hatlis,  being  a  solvent 
of  greasy  substances,  and  of  metallic  oxides,  may  remove 
trifling  quantities  of  such  impurities.  With  nickel,  how- 
ever, the  case  is  different.  The  solutions  employed  for 
its  deposition  are  either  neutral,  or  only  weakly  alkaline 
or  acid.  This  chemical  character  is  such,  therefore,  that 
they  can  have  little  or  no  solvent  effect  on  the  grease  or 
oxide  left  on  the  articles  by  careless  cleansing,  or  improper 
handling,  or  exposure  before  immersion  ;  and  if  such 
articles  are  plated,  the  nickel  coating  at  the  iniclean 
places  will  be  found  to  have  little  or  no  adherence  to  the 
metal  beneath,  and  will  almost  certainly  flake  or  strip  at 
these  places,  in  the  subsequent  opemtion  of  polishing. 
Unless  the  surfaces  to  be  coated  arc  chemical  It/  clean  an 
adherent  deposit  of  nickel  is  simply  impossible. 

On  account  of  the  hardness  of  the  deposited  metal, 
nickel-plated  articles  cannot  be  burnished.  In  order  there* 
fore  to  obtain  upon  the  finished  work  that  superb  metallic 
lustre  which  characterizes  this  metal,  it  is  necessary  to 
polish  the  surface  of  the  articles  upon  the  buffing-wheel 
before  immersion  in  the  plating  bath,  in  order  that  the 
deposited  metal  may  be  as  smooth  as  i>ossible ;  thus  re- 
ducing to  a  mininnim  the  amoimt  of  subsequent  buffing 
required  to  finish  the  plated  articles. 

The  operation  of  cleansing  articles  differs  somewhat  in 
various  establishments;  the  following  methods^  however, 
are  those  usually  followed. 

For  copper,  brass,  Britannia-metal,  tin,  pewter,  etc., 
the  articles  are  first  steeped  for  a  few  minutes  in  boiling 
potash  solution  to  remove  gi*easy  matter;  they  are  then  re* 


390 


GAtVAKOPLAS 


MANIPULATIONS, 


moved,  rinsed  in  water,  dipped  for  an  instant  in  cyanide 
of  potassium  solution,  of  moderate  strength,  again  rinsed, 
then  thoroughly  brushed  with  the  finest  pnmice  powder 
(precipitated  chalk,  Menna  lime,  and  other  fine  powders 
are  also  used),  again  rinsed  in  water,  dipped  again  for  an 
instant  in  the  cyanide,  well  rinsed,  and  then  hung  at  once 
in  the  nickel  bath*  The  time  of  immersion  in  the  boiling 
potash  solution  will  depend  on  the  strength  of  the  alkali, 
and  the  amount  of  greasy  matter  present.  Tin,  Britan- 
nia, pewter,  etc.,  however,  should  be  left  in  it  as  short  a 
time  as  possible,  as  the  alkali  exerts  a  solvent  action  on 
tin  and  alloys  containing  this  metal.  AVhen  rinsc*d  in  water 
after  removal  from  the  potash,  the  water  should  wet  the 
surface  uniformly;  sliould  any  cloudy  patches  be  visible, 
these  indicate  that  the  grease  has  not  been  completely  ■ 
removed,  and  the  article  must  be  immersed  again  in  the 
boiling  potash. 

Steel  articles  are  first  cleansed  in  the  potash  bath, 
rinsed  in  water,  scoured  with  puiuice  powder  (or  its 
equivalent),  rinsed,  dipped  for  a  moment  in  dilute  hydro- 
chloric acid,  again  rinsed,  and  at  once  hung  in  the  de- 
positing vat. 

Cast  iron  is  first  placed  in  the  potash  bath  to  remove 
greasy  matter,  well  rinsed,  then  allowed  to  remain  for 
some  time  in  a  pickle  of  dilute  sulphuric  acid  to  partially 
dissolve  off  and  partially  soften  the  scale  that  covers  it, 
rinsed,  then  thoroughly  hnished  with  piunice.  rinsed,  dip- 
ped for  a  moment  in  dilute  hydrochloric  acid,  again  rinsed, 
and  immediately  placed  in  the  nickel  bath.  j 

^luny  operators  vary  the  aljove  methods  of  cleansing 
somewhat,  but  they  are  followed  substantially  as  given, 
by  the  majority  of  nickel-platers.  AVith  Britannia-metal, 
pewter,  and  other  compositions  of  c<)nii>aratively  lowcon*- 
4uctiug  power,  it  is  to  be  recommended  to  give  tlicm  a  pre- 
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liminary  coating  of  copper,  for  which  purpose  the  cyanide 
bath  is  commonly  employed.  Many  operators  prefer  also 
to  copper  articles  of  iron  and  steel  preparatory  to  nickel- 
plating.  The  advantages  secured  are  a  better  conducting 
surface  upon  which  to  lay  the  nickel,  and  a  more  tena- 
cious deposit,  having,  in  the  case  of  a  heavy  coating  of 
nickel,  less  tendency  to  flake.  Where  a  substantial  and 
durable  nickel  deposit  is  required  on  iron  and  steel,  and 
especially  where  the  artiUes  are  to  be  exposed  to  the 
atmosphere,  or  will  be  subjected  to  much  handling,  a  pre- 
paratory coating  wdth  copper  is  almost  indispensable.  In 
the  earlier  days  of  nickel-plating,  it  was  the  almost  uni- 
versal practice  to  first  copper  all  iron  and  steel  articles. 

The  enormous  extension  of  nickel-plating  of  late  years 
has  caused  its  application  to  an  endless  variety  of  articles 
of  trifling  value  merely  to  enhance  their  beauty,  and  this, 
together  with  the  severe  competition  amongst  those  in  the 
business,  has  combined  to  cause  a  very  general  deteriora- 
tion in  the  quality  of  nickel-plated  work.  The  necessity 
of  doing  cheap  work  is  responsible  for  the  fact,  therefore, 
that  thousands  of  articles  are  turned  out  of  the  nickel- 
plating  works  with  the  merest  wash  of  nickel.  The  want 
of  durability  exhibited  by  these  inferior  goods  has  had  the 
consequence  that  many  have  formed  a  low  estimate  of 
the  utility  of  nickel  as  a  protective  coating  for  metals, 
an  unfavorable  judgment  which  it  is  far  from  deserving. 

It  is  important  that  the  work  should  be  examined  very 
shortly  after  it  has  gone  into  the  nickel  bath,  to  observe 
whether  it  has  been  "  struck,"  and  its  general  appearance. 
Should  dark  streaks,  exhibit  themselves  upon  the  work, 
they  may  indicate  either  that  the  current  is  too  intense, 
or  that  the  work  has  not  been  properly  cleansed.  Such 
streaks  will  often  be  observed,  starting  from  joints^ 
seams,  or  rivets,  where  the  grease  from  the  buffing-wheel 
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may  have  secured  lodgment,  and  frora  which  it  \^  if 
ciilt  to  perfectly  reraove  it.     In  such  cases  the  work  nn 
be  removed  and  given  another  thorouf^^h  pumice  bi 
and  rinsing,  and  again  immersed  in  the  depositing  ^at 

As  has  already  been  briefly  noticed,  the  ha  nine* 
electro-deposited  nickel  renders  it  imix>ssible  to  tini* 
plated  articles  by  burnishing.     It  is  therefore  n< 
to  jirepare  the  surfaces  of  the  articles  to  receive  the  aifl 
deposited  before  they  are  plated  in  order  to  reduct' 
subsequent  finishing  operations  as  much  as  possible, 
this  account  it  is  customary  to  polish  tlie  surfaces  of  at 
cles  to  be  plated  on  buffing  wheels.     In  case  the  8«rl 
is  very  rough,  as  is  sometimes  the  case  with  article**  of  H 
or  steel,  it  may  be  necessary  to  grind  it  smootli  upon 
emery  wheel.     The  work  when  it  is  removed  from 
nickel   bath  is  dipped   for  a  few  momenta  into  hm^ 
water,   and  then   rapidly   dried   in  sawdust.     It  \i 
ready   to  be  polished  on  the  buffing-wheels,  wheu 
work  is  tinished. 

Ilie  length  of  time  required  to  produce  a  sufficienttj 
heavj-  deposit  of  nickel  will  depend  on  the  strength  ^ 
the  etUTent,  the  condition  of  the  hith,  and  the  ch:inicff^ 
of  the  articles.  Brass  and  copper  artick^s  usually  rw^^^ 
a  sufficiently  heavy  coating  in  half  an  hour;  for  wan^oj- 
whieh  an  extm  heavy  coating  is  desired  the  time  of 
mersion  is  extended  to  an  hour  or  even  longer.  Iron  at 
steel,  Britannia-metal,  pewter,  etc.,  require  a  longer 
of  immersion  than  brass  or  copper,  even  though  py^' 
preparatory  coating  of  copper,  because  of  their  compa^* 
tively  inferior  eonductibility.  A  good  coating  of  nic] 
properly  laid  on,  possesses  great  durability,  and  mth 
nary  usage  will  last  for  many  years. 

Old  nickel-plated  work,  which  it  is  desired  to  re] 
should  first  be  ''stripped,"  as  is  found  necessary  will 
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precious  metals.     For  this  purpose  a  mixture  of  siilpliuric 
and  nitric  acids  is  commonly  employed.     Watt  (Eleetro^ 
MeiaUitrgy^   7th  ed.,  114  e^  aeq,)  recommends  the  follow- 
ing mixture  as  the  most  genemlly  serviceable,  viz:  "4 
pounds  strong  sulphuric  acid,  1   pound  nitric  acid,  and 
al>out    1   pint  of  water."     By    volume,  these  proportions 
H^ciuld  be,  approximately:  Strong  sidphuric  acid,  2  parts; 
nitric  ucid,  I  part;  water,  1  part.     The  acids  should  lie 
a<3.<led  to  the  water  with  constant  stirring,     Tliis  strip- 
pixng  Hquid  may  be  used  either  cold  or  sliglitly  warm. 
**s     acts  promptly,  removing  a  liglit  coating  of  nickel  in 
*^*^8  than  a  minute,  and  a  heavy  one  in  a  few  minutes. 
^c>  nvoid  contaminating  the  solution  as  little  as  possible 
^^ith   the   metal  of  the   wares,  the   operation   sliould   be 
•^l^:i8clv  watched  and  the  articles  removed  Irom  the  acid 
Jvt^t  as  soon  as  the  nickel  has  been  dissolved.     The  pre^ 
l^^Tation  of  the  stripped  articles*  for  re-nickeling  shonld  be 
**>c?same  as  for  new  work.     Articles  may  be  stripped  in 
^*>c?  nickel  bath  by  the  ordinary  artifice  of  connecting  them 
'^^^    anodes,  but  the  practice  is  injudicious,  as  the  purity 
^^*^    the  bath  will  thereby  become  impaired  by  the  solution 
P*^    the  metals  composing  the  wares.     Where  the  current 
**       used  lor  the  purpose,    therefore,  a   separate    solution 
^^ould  be  used,  and  for  this  piupose  we  approve  Watt's 
^^^^:;ommendation  to  use  as  a  stripping  solution  dilute  sul- 
T^  V^uric  acid  which  will  dissolve  nickel  readily  without  ap- 
V^i?ciably  affeeting  brnss.     lender  all  eircunistanres,  how- 
^'^cr,  the  articles  should  be  looked  at  from  tinu*  to  time, 
^^d  removed  as  soon  as  they  are  free  from  nickel.     It  is 
^^^portant,  however,  tliat  the  nickel  be  thoroughly  cleaned 
^ff,  to  prevent  the  ]»eeling  of  the  subsequent  nickel  dejjosit. 
Plating  with  Nickel  hy  Immersion, — ^Stolba  desrribes 
tile  following  simple  process  for  nickel-plating  without 
the  battery,  which  may  be  usefully  applied  in  the  case  of 
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small  objects.     He  dilutes  a  concentrated  solution  uf  fW 
ride  of  zinc  with  twice  it^^  volume  of  water.    Tlmmixti 
he  boils  in  a  copper  vessel,  adding  a  few  drops  of  mu 
acid  should  there  appear  a  precipitate  of  basic  cliloiiii| 
zinc.     He  thereupon  adds  a  small  quantity  of  po^'l 
zinc-     This  addition  causes  a  deposit  of  zinc  upout 
vessel.      Thereupon   sufficient  chloride,  or  sulphutc, 
nickel  is  added  to  the  bath  to  give  it  a  distincth 
color,  and  the  previously  cleansed  articles  are  tliin  i 
mersed  in  the  liquid  in  contact  with  zinc,  and  allovn^l 
remain  there  for  about  fifteen  minutes,  the  tempemt* 
being  maintained  at  boiling  during  the  operation.    Iffl 
coating  is  found  to  be  insufficient  the  articles  are « 
immersed  until  a  deposit  of  sufficiejit  thickness  is  rvbtais 
In  tliis  way  he  claims  to  be  able  to  coat  mtisfadoi 
articles  of  zinc,  cast  and  wrought  iron,  steel,  and  cop 
(Journal  Chemical  Society^  xi.  465*) 

By  an  analogous  process  described  by  C.  Meac.U  i«' 
firmed  tliat  metallic  articles  may  be  plated  with  nitkei 
immersing  them  in  contact  with  zinc,  in  a  boiUng  nd 
solution  of  chloride  of  zinc,  in  which  is  contained 
ments,  or  a  plate,  of  nickel.     Should  the  solution  !«*  3 
the  plating,  it  is  asserted,  will  be  dull.     By  this  pn>r(? 
the  author  claims  to  l)c  able  to  coat  articles  of  iron. ' 
copper,  brass,  zinc,  and  lead.  (  Chemiral  Keits^  xx(r. 

Where  electrotypes  of  type  or  engravings  are 
printed  with  colored  inks,  that  are  disposed  to 
chemically  affected  by  contact  with  the  usual  copper| 
face  (as  for  example,  vermilion,  which  becomes  bn 
ish),  it  is  customary  to  give  the  usual  copper  electtotj! 
thin  coating  of  nickel  in  the  usual  manner*  Tliis  ni 
coating  renders  the  electrotyiK?  proof  against  the  ah 
named  difficulty  that  printers  experiencp  with  clectral] 
not  so  protected. 
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By  methods  and  solutions  analogous  to  those  described 
for  nickel,  electro-deposits  of  cobalt  may  be  obtained. 
The  electro-deposits  of  this  metal,  which  we  have  seen, 
equal,  if  indeed  they  do  not  surpass,  those  of  nickel  in 
whiteness  anu  brilliancy  of  lustre.  The  rarity  and  costli- 
ness of  this  metal,  however,  exclude  it  from  any  practical 
uses  in  plating. 


CHAPTER  XI.VI. 

deposition  of  zinc. 
i:lectro-zincing — zincing  by  contact  with  another 

METAL. 

-Zinc  is  easily  deposited  by  the  wet  way  and  with  the 
^^ci  of  the  battery.     Its  dead  histre  is  gray  bluish-white. 

By  precipitating  a  soluble  zinc  salt  with  ammonia,  and 
**^^n  redissolving  the  precipitate  in  an  excess  of  alkali,  a 
*^^th  is  obtained  which  gives  quite  satisfactory  results. 

It  is  also  possible  to  obtain  satisfactory  results  with  a 
^^th  made  by  dissolving  any  salt  of  zinc  in  cyanide  of 
Potassium,  or  in  a  soluble  sulphite. 

These  zinc  deposits  obtained  in  the  humid  way,  have 
^^ thing  in  common,  either  as  regards  the  mode  of  oper- 
ation or  in  point  of  durability,  with  such  as  are  obtained 
^y  the  method  called  galvanizing^  by  which  cleansed  iron, 
^^  other  metallic  objects,  are  plunged  into  a  bath  of  molten 
^^^c,  and,  receiving  a  substantial,  adherent  coating  of  this 
^^tal,  become  protected  against  oxidization  for  a  long 
^^^tie.  Electro-deposited  zinc,  in  comparison  with  that 
^ptxwited  by  "galvanizing,"  is  much  inferior  as  a  protec- 
^^^e  coating.      A  few  gilders   employ  deposits   of   this 
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metal,  the  dead  lustre  of  which  imitates  chased  alumi- 
nium ;  but  it  tarnishes  entirely  too  soon  to  be  of  much 
service  in  the  arts. 

It  Tnay  be  useful,  neverthelens,  to  give  some  of  the  rao^t 
promising  formulfe  which  have  been  proposed  for  obtain- 
iug  elertro-dej>osits  of  this  metal : — 

Winckler  {H<mdlK  d,  MetaUilherziigen^  256)  proposes 
the  following  for  a  cold  elect ro^zincing  bath  : — 

Alum  , 10  parts. 

Mytinited  oxide  of  zinc  (fresh I j  precipitated)  1  [lart. 

Water 100  pans. 

Tlie  well-cleansed  articles  are  immersed  in  thiJ*  batlm  -? 
which  is  worked  with  a  large  east  zinc  plate  as  anode,  anc* 
a  weak  current.  Cop|>er  thus  coated  assumes  the  colox* 
of  brass  by  subsequent  heating.  This  bath  gives  good 
resiults  with  irou»  for  which  it  is  specially  recommended* 

[This  solution  is  identical  with  that  of  MM.  Person  and 
Sire  {Chem.  News^  ii,  275).  The  zinc,  according  to  thes^ 
authors,  is  tleposited  as  readily  as  copper,  and  takes  plact^ 
on  all  metals  J  on  platinum,  as  well  as  on  copper  aa«i 
iron,] 

For  the  same  purpose  (*.  e.,  electro-coating  iron  with 
zinc)  this  author  also  recommends  an  aqueous  solution  o* 
sulphate  of  zinc,  using  1  part  of  zinc  salt  to  4  of  wiitet 
(or  an  equivalent  proportion  of  the  chloride  may  be  us^*^ 
instead  of  the  sulphate)*  The  bath  should  be  used  mod^^ 
rately  warm,  and  with  a  zinc  anode.  The  articles  so*^*^ 
coat  themselves  witli  a  bluish-white  film  of  zinc,  whiP*j 
may  be  burnislied. 

Dr,  Eisner  {Id,^  257)  recommends,  for  coating  cast  ir^^ 
objects,  a  solution  prepared  by  dissolving  in  the  necessad 
quantity  of  rain  water — 

Cliloride  of  zirro 5  p,4rig, 

aud  8al  ummoniui;.        ,  ,  ,         ,  *  4     *^ 
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The  bath  is  worked  at  ordinary  temperattire,  and  with 
xinc  anode.  With  this  solution  Ekner  has  obtained 
inc  deposits  of  the  tliiekness  of  writing  paper. 
I  Watt  obtained,  in  1855,  a  British  patent  for  forming  a 
lution  ibr  the  purpose  of  coating  iron  or  steel  witli  ^inc 
galvanic  agency.  The  patentee  prepares  a  solution  in 
gallons  of  water,  of  '200  ounces  of  cyanide  of  potas- 
iTn,  to  which  he  adds  80,  by  measure,  of  the  strongest 
Yd  ammonia.  He  then  fills  several  large  porous  cells, 
:h  a  solution  containing  15  ounces  of  cyanide  of  potas- 
m  to  the  gallon,  and  immerses  these  cells  partly  in  the 
frt  solution.  In  thes(*  cells  he  places  sheets  of  copper 
of  iron,  to  act  as  cathodes,  and  in  the  outer  solution 
ton  pieces  of  zinc  as  anodes,  and  with  the  current,  charges 
^  latter  solution  witli  about  60  ounces  of  zinc  from  the 
odes.  He  then  removes  some  of  the  zinc  solution,  dis- 
:^es  in  it  80  ounces  of  carbonate  of  potassium,  and 
-iims  it  to  the  zinc  solution,  in  which  conditirm,  after 
antation  of  the  clear  licpud  from  the  sediment,  it  con- 
triites  his  zmcing  bath.  He  enii)loys  anodes  of  zinc, 
^  a  moderate  current.  The  addition  of  a  little  cyanide 
^  aqua  ammonia  is  occasionally  necessary.  Of  this 
iition  Watt  says  it  gives  exceedingly  beautiful  results, 
cl  the  metal  deposited  is  tougli  and  rcguline. 
2mc  may  also  be  deposited  by  contact  witli  another 
tal,  by  one  or  the  other  of  the  following  methods, 
:  Weil  (Ann,  <Je  Chim,  et  de  PJiys.  \\\  374)  immerses 
Jf)per,  or  articles  tliat  have  been  copper-coated,  in  a 
rtirly  boiling  solution  of  caustic  soda  or  potassa  in  con- 
it  with  metallic  zinc.  The  zinc  coating  obtained  is  said 
be  adherent  and  brilliant. 

A  process  prepared  by  Dr.  li.  B<:»ettger  may  be  found 
Seful  (Gmelin,  Handbook  of  Chemisfr*/,  i.  501),  He  im- 
torses  articles  of  copper  or  brass,  cleansed  in  hydrochlo- 
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ric  add,  ill  contact  with  zinc,  iu  a  boiling  8n!xition  of  sal 
ammoniac  or  zinc  chloride.  The  articles  take  a  brilliant 
coating  of  the  metal  after  a  few  minutes,  A  modification 
of  this  procedure,  proposed  by  the  same  authority  (Bus^ 
Ind'U.  Gewerhehhift,^  1870,  152),  consists  in  adding  to  a 
concentrated  solution  of  sal  ammoniac  some  powdered 
zinc,  and  immersing  the  copper  or  brass  articles  in  con- 
tact with  zinc,  for  a  short  time,  in  this  liquid  at  or  near 
the  boiliiit^  point.  The  zinc  deposited  is  brilliantly  wKte 
and  adlierent. 

The  process  of ''galvanizing/*  however,  which  is  described 
in  a  subsequent  chapter,  so  completely  answers  the  indus- 
trial requirements  for  a  clieap,  durable,  and  beautiful 
deposit  on  all  metak  by  simple  immersion  in  molten  zinc, 
that  it  is  practically  the  only  process  for  zincing  at  present 
empl(jy(*d.  The  electro-deposition  of  zinc  alloys  will  be 
found  fully  described  in  Chapter  XL,  |>.  130  ei  seq.,  of  this 
work. 


» 


CHAPTER  XLVIT 

DEPOSITION    OF    IROK — ALUMINIUM — AKTIMONT BfSMrTH— 

LEAD ELETCRO-CnaOMY. 

Deposition  of  Iron. 
Klein,  who  has  made  a  special  study  of  the  electrode* 

position  of  iron,  desrribes  at  length  the  results  of  hi^ 
work  in  the  BttUeim  rfe  la  Sociefe  d' Eneouragemeni  {f 
s6r.  tome  xv.  288)  from  which  we  abstract  the  following 
usc^ftd  memoranda^ — 

His  ol>ject  was  diiefly  to  cover  copper  printing  plates 
witli  a  coating  of  '^  steeF'  to  increase  their  wearing  quali- 
ties in  tlie  press.     His  first  solution  was  the  double  chlo- 
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f  ammonium  and  iron,  to  which  he  added  a  small 
ity  of  glycerine.  He  found,  however,  that  the  depos- 
netal  was  obstinately  disposed  to  develop  surface 
s,  and  that  it  was  also  very  brittle.     As  the  result 

endeavors  to  overcome  these  objectionable  features, 
md  the  following  methods  to  give  good  results  where 
ire  used  with  proper  precautions : — 

uses  either  the  double  sulphate  of  iron  and  ammo- 
,  or  the  sulphate  of  iron  and  chloride  of  ammonium, 
e  baths  of  the  first  kind  he  prepares  either  by  mak- 
concentrated  solution  of  the  crystals  of  the  double 
or  by  mixing  a  concentrated  solution  of  the  two 
n  their  equivalent  proportions ;  or  by  precipitating 
ition  of  sulphate  of  iron  by  means  of  carbonate  of 
mium,  and  dissolving  the  precipitate  in  sulphuric 
by  which  an  excess  of  acid  is  avoided.  He  prefers 
ast  of  these  methods  for  the  preparation  of  the 
e  sulphate  baths. 

e  solutions  with  chloride  of  ammonium,  he  prepares, 
•  by  mixing  together  in  their  equivalent  proportions 
olutions  of  sulphate  of  iron  and  chloride  of  ammo- 
;  or  by  dissolving  in  a  solution  of  the  sulphate  of 
at  ordinary  temperature,  as  much  chloride  of  ammo- 

as  it  will  take  up.  In  each  case  the  solutions 
)yed  should  be  as  highly  concentrated  and  as  neutral 
►ssible.  He  uses  an  iron  anode  having  a  siuface 
^  eight  times  as  largre  as  that  of  the  recipient,  and  a 
tnoderate  current.  [The  elcctr(>deposited  metal,  as  /; 
Ltes,  when  first  removed  from  the  bath  is  as  hard  as 
teel,  and  very  brittle,  but  may  be  tempered  by  an- 

lother  bath  described  by  the  same  author  consists  of 
atral  solution  of  the  double  sulphate  of  iron  and 
lesium,  worked  with  a  feeble  current. 
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Boettger  {DingJefs  Polyiech,  Jmir,^  xcbc.  298)  recom* 
mends  a  bath  similar  to  one  of  those  of  Klein,  nainelvt 
2  parts  of  sulphate  of  iron  (frte  from  ferric  oxide),  and 
1  part  of  sjal  ammoniac  in  a  saturated  aqueons  solution. 
Medinger  (Wagner,  Ilandh.  th  cfiern.  7ec/i*,  124)  pro 
poses  substantially  the  same  solution  for  **  steeling"  o)^ 
per  printetl  plates. 

lv\hin'-r  prepares  a  bath  by  electrolysing  a  solution 
of  20  parts  of  sal  ammoniac  in  100  parts  of  water, 
with  a  wrought-iron  plate  as  an  anode,  and  a  similar 
one  as  a  cathode*  Tlie  point  of  proper  saturation  will  be 
determined  when,  by  substituting  a  copper  article  at  tlie 
cathode,  it  takes  a  rapid  and  bright  deposit  (Duitflpi%  ex. 
422), 

Electro-deposits  of  iron  may  also  be  obtmned  from  a  di* 
luted  solution  of  the  snlphate  to  which  a  few  drops  of 
sul|)hTnie  acid  have  been  added  (Gore),  or  from  a  perfectly 
neutral  solution  of  the  ^n'oto-ehloride  (Roseleur), 

All  of  these  solutions,  however,  are  difficult  to  manage. 
and  they  rapidly  become  unfit  for  use,  by  reason  of  their 
tende^m-y  to  pass  into  the  condition  of  per  salts  of  iro; 
(ferric  snlts)  by  absorption  of  oxygen  from  the  air,  fro 
which  it  is  desirable  to  shield  them  as  much  as  possib 
by  keeping  the  l)atb  covered.  Klein's  suggestion  to  m 
glycerine  to  retard  this  alteration  of  the  ferrous  componn 
seems,  (Vom  all  accounts,  to  be  of  some  service.  The  ferri 
salts  do  not  gi\  e  a  metallic  deposit,  and  the  energy  of  tlie 
current  is  expended  in  reducing  them  to  the  condition  of 
ferrous  salts.  fl 

Finally,  it  may  be  noticed,  that  all  the  advantages  pos- 
sessed by  coating  coj>per  printing  surfaces  with  an  electro- 
deposit  of  iron,  are  practically  gained  by  the  use  of  a 
nickel  coating,  so  that  much  of  the  importance  attached 
to  the  electro-deposition  of  the  former  metal  for  this  pur- 
pose, by  earlier  writers  on  electro-plating,  has  been  lost 
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Depcmiion  of  Alumhiimn, 

Bertrand  (Coinpies  Befidus^  Ixxxiii.  854)  has  succcodcd 
in  obtoining  electro-deposits  of  aluminium  from  solutions 
of  the  double  eldoride  of  aluminium  and  ammonium 
(analogous  to  those  wliieh  he  employs  for  obtaining  deposits 
of  antimony  and  Ijisniuth,  see  ante).  With  the  aid  of 
such  a  solution,  worked  with  a  strong  current,  he  obtains 
upon  copper  or  brass  a  gmdual  deposition  of  regulinc 
white  metal,  which  takes  a  brilliant  polish  undc*r  the 
burnisher, 

Urquhart  {Electrfj-PhtJbig,  llHi)  who  has  experimetited 
with  Bertrand's  process,  assi^rts  tIAt  hydrogen  is  freely 
liberated  and  but  little  metal  is  deposited.  He  adds, 
however,  that  the  deposit  is  improved  by  concentrating 
the  solution  and  working  it  at  a  boiling  tenipcTature. 
The  same  author  claims  to  he  able  to  obtain  white  de* 
posits  of  aluminium  from  a  saturated  solution  of  the  sul- 
phate, slightly  acidulated  with  sidphuric  acid,  working  at 
a  temperature  of  about  15(P  Fall.,  and  with  an  aluminium 
anode.  Th*^  current  must  be  strong,  lie  adds  thnt  the 
residts  obtained  are  not  always  certain.  Other  salts  of  alu- 
minium have  been  proposed  and  used  by  different  inven- 
tors and  experimenters,  but  none  of  those  processes  appear 
to  be  of  suffieient  importance  to  warrant  mention. 

Aluminium,  in  fact,  does  not  seem  to  us  to  possess  any 
qualities  tliat  would  make  it  advantageous  as  an  electro- 
'  deposit  upon  other  metals.  The  deposition  of  alloys  of 
aluminium,  if  it  could  be  successfully  accomplished,  woidd 
appear  to  offer  some  desirable  advantage's,  but  though 
some  efforts  have  h(»en  made  in  tltis  direction  (consult  J. 
B.  Thompson's  claims  for  depositing  aluminium  bronzes, 
Chetiu  Netcs^  xxiw  194),  they  have  not  as  yet  been  made 
entirely  practical. 
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The  Pennsylvania  Nickel  Works,  in  Philadelphia,  havp 
lately  announced  a  new  alloy  for  electro-plating,  as  a 
siihstitute  for  nickel,  romposc^d  of  ahiminiuni  and  nictteK 
j       to  wliich  tliey  give  the  name,  aliMii ;'  but  we  cannot  leam 
that  it  possesses  any  advantages  over  nickel-plating,  eitlit^jr 
in  respect  to  lustre  or  durability,  while  the  present  higti. 
price  of  aluminium  must  place  the  suggested  alloy  at  ^ 
decided  disadvantage.     A  practical  method  of  depositinj 
the  various  aluminium  bronzes,  with  their  beautiful  tint?? 
green,  yellow,  and  golden,  would  no  doubt  be  of  service 
in  the  arts. 

Bcvtvund  (Comj^tes  Rendns^  Ixxxiiu  854)  affirms  tliJi'*' 
electro-deposits  of  rqafpiesium  mny  be  obtained  with  tJ^  m 
aqueous  solution  of  tlie  double  chloride  of  magnesium  aO*^" 
ammonium.     This  solution  is  readily  decomposed,  aa<^ 
with  a  strong  current  yields  upon  copper  and  its  alloy^ 
after  a  few  minutes,  a  strongly  adherent  and  homogeneou 
coating,  which  accepts  a  good  polish. 

Cadmium,  he  proposes  to  deposit  from  an  acid  solution^ 
of  the  sulphate,  which  gives  a  white  coherent  coating 
capable  of  taking  a  fine  polish.  Tie  obtains  good  results 
with  a  solution  of  the  bromide  slightly  acidulated  with 
sulphuric  acid,  Sniee  {Elem.  Electro MekilL^  1st  Am.  ed., 
212)  obtained  the  best  results  with  the  ammonio-sulphate, 
formed  by  adding  ammonia  to  the  sulphate,  until  the  pre- 
ci]>itate  is  redissolved.  Other  experimenters  recommcBd 
the  double  cyanide  of  cadmium  and  potassium.  Neither 
of  these  metals  is  of  any  importance  to  the  electro-plater* 
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Depodtion  of  Antimony, 

Electro-deposited  antimony  possesses  all  the  brightnel 
of  polished  cast-iron.     Its  dead  lustre  is  a  slate-gray,  and 
it  may  be  easily  scratch-brushed  and  polished;  during  the 
last  operation,  however,  the  tool  slides  as  upon  a  slightly 
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stsy  substance.     It   gives  a  surface  resembling  black 
platinum  and  ''oxidized"  silver,  and  may  advantageously 
[take  the  place  of  either  in  many  ca^^es. 

Roseleur  deposits  this  metal  by  boiling,  for  about  one 
'hour,  and  in  a  porcelain  dish,  or  enamelled  cast-iron  ves- 
sel— 

Water  .         .         .         ,         ,         .         .100  parts. 

Carbonate  of  soda  ,  .  .  .  .       10     " 

Sulphide  of  ant imiiny,  finely  powdereil  ,         5     " 

Tlie  boiling  solution  is  filtered  through  paper  or  a  fine 
cloth,  and,  on  cooling,  deposits  a  reddish-yellow  powder  of 
^^^ytivlphide  oftiniimom}^  the  Kermes  mineral  of  the  shops, 
TViis  powder  is  again  boiled  in  the  same  liquid,  and  the 
i^^Hulting  solution  is  the  antimony  bath.  It  is,  therefore, 
■  ^^cessary  to  keep  the  bath  constantly  boding  when  in  use. 
H  *"  Or  the  anode  either  a  plate  of  antimony,  or  a  jdatinium 
H^^te  is  used. 

■  Qme  {Elect rfhMeiaUHrg If,  100  et  seq,)  recommends  the 

*^'*^  loride  of  antimony,  dissolved  in  water  acidulated  with 
"^<lrochloric  acid,  as  a  good  solution  for  depositing  auti- 
'^^ciiny.  It  is  a  good  conductor,  and  with  a  moderate  cur- 
^^^t  freely  yields  a  bright  reguline  metaL 

The  same  author  refers  to  the  mixed  chlorides  of  anti- 
mony and  ammonium  as  forming  a  very  good  depositing 
^^th.  This  liquid  may  be  made  either  by  passing  the 
^^^irent  through  a  bath  composed  of  equal  parts  of  a 
*^t:iirated  solution  of  sal-anunoniac  and  nuiriatic  acid,  using 
^  large  antimony  anode,  or,  by  mixing  equal  measures  of 
*^  saturated  solution  of  sal-ammoniac  and  eonuncrcial 
^Moride  of  antimony,  Tliis  bath  is  preferable  to  that 
^f  the  simple  cli loride. 

The  same  author  made  the  singular  observation  that  if, 
^'hile  the  deposit  of  antimony  is  going  on,  it  is  removed 
^tid  struck  gently  or  rubbed  with  any  hard  substance, 
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sticli  as  metal  or  glass,  it  explodcj*  sharply  with  evolution 
of  light  unci  heiit.    {Philos.  Mag,^  1855,  p.  73.) 

A.  Bertraiid  {Comptes  Rendns^  tome  Ixxxiii,  854), ob- 1 
tains  a  galvunic  deposit  of  antimony  on  metal  surfecR' 
with  the  use  of  a  solution  of  the  double  chloride  of  vd\> 
mony  and  ammonium,  in  water  slightly  acidulated  with 
hydrocldoric  acid,  in  which  the  double  salt  is  soluble 
witliout  decomposition.  Precipitation  of  the  metal  k 
easily  effected  with  a  weak  current.  The  bath  should  k 
U8cd  at  the  ordinary  temperature.  This  process  h  miI> 
stantially  the  same  as  tliat  just  described. 

Gore  {Electro-MetaUnrgy^  100)  gives  the  prcfen^ce 
over  all  others,  to  a  solution  of  the  potassic-tartralc  of 
antimony  (tartar  emetic)  in  water  acidulated  with  hydro- 
chloric acid.     The  following  are  his  proportions: — 


Fotassic- tart  rate  of  nntimony 

Ily^Jrotihloric  acid 

Wiiter 


8  jmrtf* 
4      *^ 
2     ** 


This  liquid  dissolves  the  tartrate  freely  and  fonlJ^  - 
solution  which  conducts  well,  gives  a  coating  of  aay  de* 
sired  thickness,  and  is  not  injured  by  long-con tiiiueJ 
service. 

The  acid  solution  of  chloride  of  antimony  is  decomjK>sf^ 
more  or  less  readily  by  all  the  more  electro-jxysitive  mvUik 
which  therefore  coat  themselves  wuth  antimony  by  s\m]i^ 
immersion.     A  boiling  solution  of  this  salt  is  sometimt^ 
made  use  of  for  the  puqwse  of  imparting  a  lilac  color  U' 
articles  of  brass,  and  for  bronzing  gun  barrels ;  whilt-'  f''^^ 
metallic  powder  precipitated  from  its  chloride  solufi«i 
with  zinc,  is  used  for  giving  the  appearance  of  gray  ca**' 
iron  to  plaster  casts. 
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DeptmiifM  of  Bismuth, 

liertrand   (sec  p.  404)  proposes  for  obtaining  electro- 
deposits  of  bismuth,  a  solution  of  the  double  cliloride  of 
bismuth  and  ammonium,  a  white,  crystalline  compound, 
H    soluble  in  water  weakly  acidified  with  hydrochloric  acid. 
H    This  bath  is  analoji^ims  to  that  which  he  proposes  for 
^    antimony,  and  is  w^^d  in  the  same  manner.     The  solution 
L      he  prefers  contains  250  grains  of  salt  to  the  pint  of  liquid, 
H        AVlien  the  operation  is  finished,  the  objects — ^brass  or 
H  eopper — will  be  found    to    have  a  blackish   tint  on  the 
^surface,  below  which,  however,  the  bisnuith,  which  ad- 
heres firmly,  will  he  found  with  its  characteristic  lustre, 
anci  slightly  pinkish  coh^r.     It  takes  a  fine  polish.     From 
trin^ls  we  have  made  of  this  process,  the  conditions  to  be 
Koh^served  appear  to  be,  to  use  very  dilute  solutions  and  a 
^feotle  current.      The    deposited    metal    has  a    distinctly 
pitilcish  tint,  and  is  very  little  affected  by  atmosplu^ric  iu- 
**^^onces»     Many  experiments  have  l>een  made  to  produce 
H  bismuth  de]»osits  by  galvanic  means,  but  none  appear  to 
\      ^Uswer  the  purpose  so  well  as  that  above  described. 
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Depmitlon  of  Lead, 

l^eposits  of  lead  may  he  obtained  by  means  of  the 
piUnibate  of  potassium  or  sodium,  wliich  is  prepared  by 
tile  protracted  ehullition  of  1  part  of  protoxide  of  lead 
(htliarge),  in  10  parts  of  caustic  potassu  or  soda,  dissolved 
^^  t<?00  parts  of  distilled  water. 

'^I^he  electro-deposition  of  this  metal  has  no  importance 
^^  the  arts.  Its  deposition  upon  certain  metals,  from  the 
»tat<?  of  igneous  fusion  Jias  lately  acquired  some  industrial 
*nipc)rtance,  and  will    be  referred  to  in  the  chapter  on 

By  means  of  suitable  lead  solutions,  and  the  proper 
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inanipnlations,  it  is  pcjssible  to  produce  those  magmficfnt 
iridescent  colorations  upon  metals  called  the  colored  riff 
of  Nobili,  and  from  which  has  sprung  a  distinct  indus^ 
known  as — 

Meta  Uo  Chromy, 

MefaUi>Chromee. — These  sin>erb  metallic  colorations^ 
produced  by  the  electio-deiwsition  of  coherent,  batexctf^l' 
ingly  thin  films  of  nietfilhc  oxides  upon  raetal  ^^urfo"*^ 
The  oxide  of  lead  seems  to  possess  to  an  eminent  (k^ 
the  projiert)*  of  separating  from  its  solution  in  caustic  «A 
or  potassa,  in  the  state  of  |ieroxide.     The  chromatic elf<^ 
produced  on  jwlished  surfaces  of  raetal  are  frequently vt^tj 
beautiful.     These  efiects  were  fii"st  fully  noticed  mi^ 
scribed  hy  Nobili  {Poggendorff's  Annalen^  ix.  183,x.38'J)» 
after  whom  they  have  been  named  ^^  Nobili 's  rings."  Thej 
were   subsequently  carefully  studied   by  Gassiot  [f^^ 
Elect.   Sue,  1839),  and  liy  IJecquerel  {Compfe^  lleni^ 
tome  x^ii.  1,  55),  throuj^h  whose  suggestions  the  ptf* 
nomenon  has  been  turned  to  useful  account  in  protlurtn? 
very  l^eautiful  deconiti\  e  effects  ujion  metal  surfaces.  T** 
exhibit  these  colored  rinps,  ]>re]»are  a  sixturated  solution^ 
acetate  of  lead,  in  a  sliallow  dish^  in  which  place  a  p* 
ished  plate  of  steeh     A  wire  from  the  positive  lermin*'^' 
a  battery  of  modemte  strength  is  then  caused  to  tourfl 
the  plate,  while  the  negJitive  wire  is  held  in  the  8oluti<^ 
above  the  plate-     A  small  tinted  circle  makes  its  app^' 
ance  on  the  polished  surface  Ix-neath  the  wire,  and  ri^? 
of  color  of  the  most  brilliant  hues  rise  from  the  centre'^* 
expand  to  the  circumference.     The  coloi-s  commence  wi^ 
silver -blond  and   progress   onwards  to  fawn-color,  a^** 
thence  through  various  shades  of  violet  to  the  indig^'^'^ 
and  blues ;  then  through  pale  blue  to  yellow  and  orange?' 
thence  through  lake  and  bluish-lake  to  green  and  green 
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ish*orange ;  thence  through  greenish-violet  and  green  to 
reddish-yellow  and  rose  lake.  Colored  figures  of  varied 
character  are  obtained  by  modifying  the  shape  of  the  elec- 
trode connected  with  tiie  negative  end  of  the  battery ; 
lining  instead  of  a  point,  a  slip  of  metal,  a  disk,  a  ring,  a 
convex  or  a  concave  disk,  a  cross  or  other  pattern.  By 
the  employment  of  a  large  disk  and  small  steel  plates,  and 
by  very  careful  manipulation,  a  uniform  tint  may  be  given 
to  each  plate  and  the  chromatic  scale  of  44  colors  may  be 
obtained.  For  this  purpose  each  ex|)eriment  must  be 
timed  by  a  pendulum,  and  one  second  being  given  to  the 
first  plate,  tlie  duration  for  the  rest  must  increase  by  one 
second  for  each,  (Walker,  E/ectroit/pe  Mriuipvlafion^ 
Part  II,  2d  Amer.  edition,  47  ei  sefj,).  As  tliese  colors 
do  not  adhere  closely  to  the  metallic  plate,  the  latter 
should  he  washed  in  boiling  distilled  water  and  then  var- 
nished, 

Wagner  (ITandh,  (L  Chem,  Terh,^  1*25)  gives  the  fol- 
lowing procedure,  based  substantially  upon  Becqucrel's 
method,  Prejiare  a  completely  satiu'ated  solution  of 
litliarge  in  caustic  potassa  as  above  described.  Introduce 
into  this  the  artich*  to  be  treated,  at  the  anode,  and  oppo- 
site to  it  attach  a  plate  of  platuunn  at  the  cathode. 

When  the  circuit  is  closed  peroxide  of  lead  will  be  de* 
posited  on  the  anode,  the  color  of  which  will  depend  on  the 
thickness  of  the  film  deposited.  As  soon  as  the  desired 
coloration  is  attaiiu'd,  the  article  is  at  once  removed  from 
the  liquid  and  washed.  If  a  point  of  the  cathode  is  prc*- 
sented  to  the  object,  the  well-known  colored  rings  of 
Nobili  are  produced.  To  avoid  this,  the  electrode  must 
be  kept  in  constant  motion,  and  should  be  held  a  certain 
distance  away  from  the  surface  of  the  article.  "  Metallo* 
chromy/'  according  to  the  same  authority,  is  w^cd  to  pro- 
duce decorative  effects  upon  objects  of  copper,  tombac,  and 
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brass,  previously  treated  to  a  thin  electro-gilding.  The 
principal  color  is  green  or  piirplc'red,  which  passes  over 
into  bright-red,  blue,  violet,  or  yellow.  Instead  of  the 
lead  solution,  one  may  he  prepared  with  sulphate  of  rop- 
|)er  and  roek-randy*  saturated  with  caus^^tic  |K>tassa. 

The  production  of  these  colorations  demands  careful 
manipulation.  With  too  strong  a  current,  the  tints  as* 
same  a  unifiirm  dark  brown  or  black  color.  The  coating 
is  veryadliereut,  and  if  tlic  article  has  licen  well  pi-ppared* 
they  will  sustain  the  action  of  the  burnisher  (Walker), 

The  proportions  of  Becquerel's   lead  solution  are  a«j 
follows:    Caustic  potassa,  20  parts;    lithargCj  15  parts;] 
water,  200  pnrts.     Dissolve  the  caustic  (wtassa  in  water, 
then  add  tlie  litharge,  and  Iwjil   for  half  an  hour,  then 
allow  to  cool,  and  after  decanting  off  the  clear  liquid^  f 
dilute  it  with  au  equal  volume  of  water.     Use  cold,  and 
rt^placebya  fresh  solution  wlien  it  shows  signs  of  exhaus- J 
tion*  ■ 

Eoseleur  recommends  the  i>lumbate  of  sodium  bath, 
used  for  the  electro-de|x)sition  of  lead  (see  p.  405),  for  the  m 
production  of  colored  effects,  and  affinns  that  with  the 
usual  disposition  of  the  battery  inrerUiJ^  the  o|>erator  raay^ 
at  will,  coat  a  given  nietullic  surface  with  the  richest  colors 
of  the  rainbow,  and  successively  transform  the  colors  ob- 
tained through  all  the  tints  of  tlie  solar  spectrum.  His 
moiiuM  oprrmiill  is  as  follows: — 

After  allowing  the  bath  of  phimlmte  of  soda  to  cool  oft*, 
the  metallic,  or  mt^tallized  object,  connected  with  the 
positive  pole,  is  immersed  in  it.  Then  the  platinum  wire  J 
communicating  with  the  negative  pole,  is  gradually  intro-j 
duced  into  the  bath  witlnmt,  liowever,  touching  the  arti- 
cle* The  latter  will  at  tmce  her ome  colored  with  various 
shades;  of  these^  yellow  is  tlie  predominating  color,  but 
all  of  them  become  darker,  or  are  entirely  transformed 
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according  as  the  platinum  wive  is  more  or  less  submerged. 
Wc  may  thus  vary  ad  mfimfnm  this  play  of  colors,  which 
is  due  to  the  variable  thickness  of  the  dejKisited  peroxide 
of  lead.  Too  murh  intensity  in  the  current  will  conceal 
these  various  tints  under  a  uniform  coating  of  dark  brow^n. 

When  an  article  is  unsatisfai:tory  in  its  coloration,  it  is 
rapidly  dipped  into  aqua  fort  is,  which  dissolves  tlie  oxide 
of  lead,  and  restores  the  metallic  surface  to  its  primitive 
state, 

A  few  years  ago,  Roseleur  applied  the  nietallo-chromic 
processes  to  the  decoration  of  stoneware  and  porcelain 
previously  coated  with  platinum,  as  indicated  in  the  chap- 
ter on  Simple  Immersion  Gilding.  The  results  were  suf- 
ficiently satisfartory  to  find  their  application  in  the  pro- 
duction of  a  number  of  ceramic  wart's. 

Watch-dials  and  hands  are  thus  colored  in  Switzerland, 
and  bells,  etc,  in  France,  A  skilful  operator  might,  by 
the  same  processes,  impart  to  certain  productions  of 
lironze  the  natural  colorations  of  the  objects  rei)ri^sentetl, 
as  for  instance,  scaraba*i,  and  other  insects. exhibiting  iri- 
descent colors. 

While  the  article  is  colored  by  the  oxide,  a  part  of  the 
lead  in  metallic  form  is  deposited  upon  tlie  anode  in  the 
shape  of  snmll  cubical  crystals,  whicli  Inn  e  no  adherence 
ither  to  each  other  or  to  the  platinum  wire.  Tliis  want 
of  adherence  is  explained  by  the  very  small  volume  of  the 
anode  as  compared  with  the  iridized  surfiices. 

Ros(>leur's  procedure  differs  from  that  of  Becqurrel  in 
that  his  solution  is  very  much  more  dilute.  Should  the 
work  not  appear  satisfactory  it  will  be  advisable  to  in- 
crease the  concentration  of  the  liquid  rather  than  incmase 
the  intensity  of  the  current. 
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CHAPTER  XL\7n. 

REDUCTION  OF  OLD  AND  SPENT  BATHS — KKOOrERY  OF  GOU^ 
SILVER,  PLATINUM,  COPPER,  AND  NICKEL — ^ASHES— t^J* 
MENTS   ON    RECOVERY    OF   GOLD    AND    SILVER, 

Redticlion  of  Old  Bath^, 

Before  passing  to  the  study  of  the  galvanopla^nc  irt 
proper,  we  shall  indicate  tlie  most  economical  and  ptnf- 
tical  processes  for  separating  Troni  8p!?iit  baths,  or  so!ulinn« 
spoiled  from  any  cause,  the  precious  metals  they  ruotaa 
and  in  sneh  a  state  of  purity  that  they  may  be  used  k 
tlie  preparation  of  new  baths. 

Wr  shall  also  explain  the  treatment  of  spent  acids,  \^^i^ 
waters,  and  othtH*  liquids  generally  considered  as  wa^l*^ 
and  which  require  great  attention,  since  in  many  wntb 
they  represent  a  value  equal  to  one-fourth  or  onc-fiftli  ^ 
that  of  the  precious  metals  employed. 

Recovery  of  Gokl  from  Old  Solutions. 
{Ro8ehnT*B  Methods.) 

All  the  liquids  which  contain  gold  (excepiitig  cifif^ 

soh(iioHh\  whicli  will  he  separately  considered)  arestroup! 
acidulated  with  sulpluiricor  hydrochloric  acid,  unless  thef 
are  already  acid,  and  then  hirgely  diluted  with  watei 
Tlie  precious  metal  is  then  precipitated  by  a  fiolutioii« 
sulphate  of  protoxide  of  iron  (green  vitrioh  copi>eraH),aoi 
alter  a  few  hours'  waiting,  it  is  well  to  ascertain  that  tiff 
liquid  contains  no  more  gi^UL  by  a  fresh  addition  of  ^d' 
phate  of  iron,  which  should  produce  no  turbidity. 
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[The  gold,  which  is  precipitated  in  the  form  of  a  red  or 

pwnish  powder,  is  collerted  upon  a  filter,  washed,  and 
tated  to  dryness  in  an  iron  pan  with  equal  weights  ot 
fax^  salfpefrej  and  carbonate  of  potaminm. 
3?he  fritted  mass  is  then  gradually  introduced  into  a 
factory  crucible  heated  to  a  white  heat  in  a  suitable 
pac^.  When  all  the  substance  is  introduced,  the  heat 
Increased,  to  cause  perfect  fusion,  in  order  that  the 
tal  shall  collect  well  at  the  bottom  of  the  crucible, 
br  cooling,  a  button  of  pure  gold  will  b*;  obtained, 

h,  being  dissolved  in  aqua  regia  may  be  used  in  the 

aration  of  fresh  gilding  solution. 
hould  it  bo  desired  to  dissolve  in  aqua  regia  the  pul- 
(ulent  gold  b^ft  on  the  filter,  it  will  be  necessary  to 

til  it  several  times  with  a  diluted  solution  of  sulpluiric 
[^  in  order  to  remove  the  sulphate  of  iron  with  w^hich 
still  impregnated. 

'his  mode  of  rcductinn  is  well  adapted  for  impure 
>ride  of  gold,  to  the  simple  itumersion  baths  with  the 
firbonate  or  pyrnpliosphate  of  sodium,  and  also  to  the 
fl  liquors  used  for  ungilding;  but  it  only  succeeds  im- 
pectly  vvith  ct/anide  solutions,  wliich  never  completely 
rt,  by  this  process,  with  all  the  gold  they  contain* 
rhe  best  manner  of  treating  rtjanide  solutions  consists 
bvaporating  them  to  dryness  in  a  cast-iron  kettle,  and 
kting  the  residue  to  a  white  heat  in  a  clay  crucible. 
pmall  proportion  of  borax  or  saltpetre  may  be  added  as 
nx,  but  generally  this  may  be  dispensed  with, 
he  button  of  gold  separated  at  the  liottom  of  the  cru- 
le  is  red  when  saltpetre  has  been  employed,  and  green 
li  borax  ;  these  differences  of  coloration,  however,  have 
jing  to  do  with  the  purity  of  the  metal,  but  simply 
icate  different  conditions  of  molecular  aggregation, 
XJoinmenta  at  close  of  this  chapter.) 
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Gold  may  also  be  st^paruted  from  solutions  which  con* 
tain  no  ryauide,  by  treatment  with  an  excess  of  proto 
chlmide  of  tin,  which  produces  a  precipitnte  of  purple  of 
Ca^sius  (stannate  of  gold),  from  which  the  gold  is  easily 
reduced  by  heat  to  the  metallic  state.  Sulphurous  acid 
will  also  reduce  tlie  gold.  But  in  the  latter  case,  tlie 
liquid  should  be  heated. 

Granulated  gold  is  obtained  by  running  the  inolteti 
metal  in  a  thin  stream,  from  a  certain  height,  into  a 
large  (juantity  of  cold  water. 

liccovery  of  Silver.     {Roselenfs  Methods.) 

Ohl  solutions  which  contain  silver  in  the  form  of  u  '^(fn- 
pk  sah  are  very  easily  treated.      It  is  sufficient  to  add  to 
them,  in  excess,  a  solution  of  common  salt  or  hydrochloric 
acid,  when  all  the  silver  will  be  precipitated  in  the  state 
of  chloride  of  silver,  which,  alter  w^ashing,  may  be  em* 
ployed  for  tlie  preparation  of  new  baths,  or  reduced  to  the 
metalUc  fi>rm  by  one  of  the  processes  about  to  be  de» 
scribed.    Solutions  of  nitrate  of  silver,  desilverizing  acid^. 
etc.,  fall  in  this  category- 
Common  salt,  on  the  other  hand,  is  without  action  upoi^ 
solutions  containing  silver  in  the  state  of  a  double  ft^tH 
an<l  n  ill  rather  facilitate  solution  than  precipitation.     Th^"^ 
double  tartrate  of  potassium  and  silver  (whitening  bath)-^ 
the   double   sul|)hite   of  sodium    and    silver    (immersio 
bath),  etc.,  belong  to  this  category.     Before  employin 
common  salt  with  such  solutions,  the  liquids  should 
strongly  acidulated  with  sulpluiric  acid,  which  restores 
the  silver  to  the  state  of  a  simple  salt,  readily  precipitated 
by  common  salt.     Hydrochloric   acid,  however^  precipi- 
tates silver  well  from  these  solutions. 

Solutions  which  contain  silver,  as  ei/anide,  form  another 
exception  ;  and  in  order  to  recover  all  the  metal,  we  must 
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again  have  recourse  to  the  process  employed  for  similar 
combinations  of  gold  ;  that  is  to  say,  evaporation  to  dry*' 
ness,  and  reduction  of  the  mass  in  a  crucible,  with  an 
addition  of  carbonate  of  sodium  and  powdered  charcoal. 
The  silver  is  then  obtained  as  a  fused  button  at  the  bottom 
of  the  crucible.  (See  Comments  at  close  of  this  cliapter.) 
AVheu  the  silver  has  been  obtained  in  the  state  of  the 
chloride  of  silver,  it  may  be  reduced  to  the  metallic  state 
by  many  processes,  the  principal  of  which  are : — 

1.  Well- washed  chloride  of  silver  (water  does  not  dis- 
solve a  trace  of  it)  is  placed  in  a  stoneware  dish  with  two 
or  three  times  its  weight  of  zinc,  and  the  wliole  is  covered 
with  water  strongly  acidtdated  with  sulphuric  acid*     As 
fioon  as  they  are  in  contact,  these  substances  react  upon 
each  other :  the  sulphuric  acid  and  the  zinc  decompose  the 
water  into  its  elements,  the  oxygen  of  which  oxidizes  the 
zinc,  which  then  combines  with  the  acid  to  form    sul- 
phate of  zinc  (white  vitriol  or  white  copperas),  a  very 
soluble  salt.     On  the  other  hand,  the  hydrogen   seizes 
upon  the  chlorine  of  the  silver,  transforming  it  into  hydro- 
chloric acid,  also  very  soluble  in  water.      The  silver  is 
left  behind  in  the  form  of  an  impalpable  ])owder,  and 
^^'hen  all  the  zinc  is  dissolved  the  contents  of  the  dish 
*^ay  be  filtered*     The  silver,  which  remains  upon  the 
filter,  must  be  thoroughly  washed  with  pure  water,  and 
'^ifty  then  l>e  dissolved  in  pure  nitric  acid  to  Ibrm  a  pure 
'^I'^rate  of  silver* 

2.  The  chloride  of  silver,  freed  from  foreign  metallic 
^Its  by  washing,  is  mixed  with  foiu*  times  its  weight  ot 
^^ystallized  carbonate  of  sodium,  and  half  its  weight  of 
Pulverized  cliarcoal.  The  whole  is  made  into  a  homo- 
S^Ueous  i>aste,  which  is  thoroughly  dried,  and  then  intro- 
*^^^oed  into  a  strongly  heated  crucible*  When  all  the 
^^terial  has  been  introduced  the  heat  is  raised,  to  promote 
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conii>lete  fusion,  and  to  facilitate  the  collection  of  the 
sepamtt*  globnles  of  silver  into  a  single  button  at  tb 
bottom  of  the  crucible,  where  it  will  be  found  after  coolinsf. 

If  f^n-anulatcd  silver  is  wanted,  pour  the  metal  in  a  tliiu 
stream,  and  from  a  certain  height^  into  a  large  volume  of 
water,  as  in  the  case  of  gold. 

Tliis  method  is  almost  exclusively  employed  in  electro- 
gilding  and  silvering  works. 

During  this  opemtion,  the  carbonic  acid  of  the  carbon* 
ate  of  sodium  having  disappeared,  the  oxygen  of  the  soda 
unites  with  the  carbon  of  the  charcoal  forming  gaseous 
products,  which   escape.     In  its  turn,  the  sodium  com- 
bines with  the  chlorine  of  the  chloride  of  silver,  formiog 
chlorid(^  of  sodium,  while  the  metallic  silver  is  set  fre€* 
The  fact  is  worthy  of  remark,  that  the  chloride  of  sodiutt** 
whicli  is  decomposed  by  a  silver  salt  in  aqueous  solntiot^ 
is   reconstructed  by  igneous  fusion  in  the    presence  €> 
chloride  of  silver. 

3*  Lastly,   we  may  employ  in   many  cases  a  plate  o 
sheet  of  copper  for  separating  silver  from  its  salts ;  but  i 
is  quite  difficult  to  free  the  deposited  metal  entirely  fron*- 
traces  of  copper. 

Recovery  of  NickeL 

To  recover  nickel  from  old  solutions,  Urquhart  proposes 
to  (Eleciro-Phflngs  1 65)  take  advantage  of  the  observation 
of  Unwin  (see  Chapter  Xl.V.,  p.  376),  that  the  double 
sulphate  of  nickel  and  aoimonium  is  almost  insoluble  in 
a  concentrated  solution  of  sulphate  of  ammonium. 

He  makes  up  a  saturated  solution  of  ammonium  sulphate 
in  warm  water,  and  adds  it  to  the  old  nickel-plating  solu* 
tion,  with  constant  stirring,  and  after  the  lapse  of  a  few 
minutes,  a  granular  precipitate  of  the  double  sulphate  will 
begin  to  separate.     The  addition  of  ammoniimi  sulphate 


MCOYEBY   OF   COPPER. 


415 


should  be  continued,  from  time  to  time,  until  the  liqiiid 
I  is  colorless*     The  prt^cipitated  salt  is  very  pure,  and  may 
be  used  directly  in  making  a  new  bath. 

Recovery  of  Platimim.     {limeleur,) 

This  process  is  very  simple,  and  consists  in  first  acidu- 

lating  with  hydrochloric  acid  any  solution  of  platinum, 

Unless  it  be   already  acid,  and   then  immersing  in  it  for 

I  some  hours  a  well  cleansed  bar  of  iron.     The  platinum 

j  is  Teduced  in  the  form  of  a  black  powder,  which  is  washed, 

and  then  calcined  to  a  white  heat.     By  dissolving  it  in 

U^-qtia  regia   we   reconstitute   the   chloride   of   platinum 

necessary  for  the  preparation  of  the  platinizing  baths. 

Platinum  solutions  may  also  be  reduced  by  evaporating 
them  to  dryness,  and  strongly  calcining  the  residue,  which 
j^  then  washed  upon  a  filter  in  order  to  remove  the  solu- 
Me  salts,  and  again  submitted  to  a  white  heat.  The  plat- 
inum thus  obtained  is  soluble  in  aqua  regia. 

Recovery  of  Co2)psr.     {Roseleur.} 

[^  In  works  where  great  quantities  of  copper  are  operated 

*^t>on,  it  is  advantageous  to  recover  the  metal  dissolved  in 
ilx^^  rleansing  Imths,  which  are  allowed  to  go  to  waste 
^if:h  the  rinsing  water,  by  the  majority  of  gilders,  silver 
^I'^ctrO'platers,  and  galvanoplastic  operators.     The  recov- 
^'^%"  of  such  copper  is  an  cfisy  and  inexpensive  process. 
-^ll  the  hquids  holding  copper  are  collected  in  a  large 
*^sk  tilled  with  wrought  or  cast-iron  scraps.     By  the  con- 
^^t  of  the  copper  solution  with  the  iron,  a  chemical  re- 
action immediately  takes  place,  by  which  the  iron  is  sul> 
^  ^^^itiited  for  the  copper  to  make  a  soluble  salt,  while  the 
H   copj)cr  falls  to  the  bottom  of  tlie  cask  as  a  brown  powder, 
H       The  cask  should  be  sufficiently  large  to  hold  all  the 
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liquids  employed  in  a  day's  work.     The  liquids  aiP  <^| 
canted  every  morning. 

The  old  iron  scrap  is  generally  suspended  in  a  wfflowj 
basket  near  tlir*  top  of  the  liquid,  and,  by  occasionftU!] 
moving  it  abont  in  the  liquid,  the  metsillir  pondeHJJ 
copper  alone  falls  to  the  bottom  of  the  cask. 

The  same  method  is  employed  for  recovering  tlu^^pl 
]>er  from  old  cleansing  acids,  or  from  spent  galvaiiO|ilH>5i| 
baths.  The  copper  thus  obtained  is  quite  pure,  ami l?j 
calcining  it  hi  contact  with  the  air,  a  black  oxide  of  c^t| 
per  is  obtained  which  is  serviceable  for  enriching  and  ni^ 
tralizing  galvanoplastic  baths  too  strongly  acidifieti. 

UfiUzaiion  of  Other  Wastes.     (Roselenr.) 

Notliing  whatever  should  be  allowed  to  go  to 
in  well-conducted  works^  i  Sw^eepings,  sawdust,  residi 
from  the  bottoms  oi' scratch-brushing  tubs,  filters*  l^a] 
rags,  etc.,  should  be  rarefully  collected,  mixed,  and bii 
in  a  furnace  adapted  for  the  purpose.     The  resulting a*^* 
aw  finely  pulverized,  sifted,  and  sold  to  certain  opcu^W 
called  ''  sweep  smelters,*'  who  extract  the  precious  m^' 
from  them. 

The  method  in  vogue  in  France,  as  described  by 
leur,  and  which  is  a  very  equitable  one,  is  as  follow* 

The  purchaser  is  called  in,  and,  after  having  thortH^Wf 
mixed  the  heaps  of  ashes,  several  samples  are  taken  ^'i^" 
a  sampling-gauge,  which  is  a  rod  hollowed  out  latt'nui! 
The  various  stuuples  are  then  mixed,  and  divided  into  ^^^ 
parts,  one  for  the  buyer  and  the  other  for  the  seller,  i"^" 
of  whom  has  one  assayed  for  gold  and  silver.  From  t»^ 
comparison  of  tlie  two  assay  certilieales,  the  buyer  take* 
the  lot  at  its  bullion  value,  after  deducting  a  certain  siiJt 
for  the  expense  of  the  operation  and  his  profit. 

The  sweep-smelter,  in  turn,  pulverizes  and   sifts 
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in,  either  reduces  the  metals  himself,  or  disposes 
the  material  to  the  smelter  and  refiner. 
The  gold  and  silver  are  obtained  together,  and  to  sepa- 
te  them  the  metal  is  grannlated,  and  treated  with  nitric 
id  free  from  chlorine,  which  dissolves  the  silver,  and  is 
Sthout  action  upon  the  gold.  The  latter  metal,  in  the 
^pe  of  a  black  or  brownish  powder,  collects  at  the 
'ttom  of  the  vesseL  and,  Jifter  thorough  washing  with 
tilled  water,  which  removes  the  nitrate  of  silver  with 
ich  it  is  impregnated,  is  obtained  in  a  pure  state. 
A\'hen  an  ingot  contains  little  silver  and  much  gold,  it 
previously  melted  with  a  certain  proportion  of  the 
finer  metal,  otherwise  the  gold  will  so  envelop  the 
%r^x  as  to  prevent  its  complete  solution  by  the  acid. 
Ingots  of  silver  and  copper  arc  treated  in  cast-iron 
ititles  by  boiling  with  concentrated  sulphuric  acid,  which 
itisforms  the  copper  into  soluble  sulphate  of  copper, 
id  silver  into  sulphate  of  silver,  but  slightly  soluble. 
^o  separation  of  the  two  may  be  partly  effected  by 
Ashing,  but,  generally,  the  silver  is  precipitated  by  jilates 
eopper.  The  alloy,  previous  to  its  solution,  should  lie 
^ely  laminated. 

Utilization  of  Spent  Acids,     (Hosehitr.) 

The  list  of  acids,  or  cleaTisiug  solutions  which  thr 
^Ivanoplastic  operator  renders  useless  for  further  service, 
^s  follows : — 

!•  Preliminary  cleansing  pickel  (sul|>liuric  acid,  more 

less  diluted  with  water)  ; 

^*  Nitric  acid  (aqua  fortis),  with  salt  and  other  addi- 

3.  Acids  used  for  bright  or  for  deatl-lustre  dipping,  nnd 
^niposed  of  mixtures  in  various  proportions,  of  sulplmric 
llid  nitric  acids,  with  the  addition  of  soot  or  of  salt ; 
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4.  The  desilvering  solurions,  used  for  removing  silver 
from  copper  and  its  alloys ; 

*5.  The  iingilding  solutions,  composed  of  mixtures  of 

Hulplmric  acid,  nitrate  of  poUissa  (salti)etre),  and  chlonde 
of  sodium  (salt),  which  have  been  used  to  remove  gold 
from  gilded  copper : 

6.  And  last,  spent  acidf*  of  batteries. 

On  the  principle  that  nothing  should  bo  lost  in  inilus- 
trial  operations,  we  indicate  herewith  certain  metheidsby 
which  these  several  liquids  may  be  utilized. 

The  preliminary  cleansing  pickle  of  sulphuric  acidtsatu- 
rated  with  copper,  is  treated  with  scrap  iron,  which  sepa- 
rates the  copper  in  pulverulent  form.  The  supernatant 
liquid  contains  sulphate  of  iron  of  little  or  no  cornmc^ 
cial  value,  but  which  may  be  discharged  wherever  its  di^ 
infecting  qualities  may  be  serviceable. 

f)ld  nitric  acid  (or  aqua  fortis)  saturated  with  coppe 
and  no  longer  of  service,  is  treated  by  the  addition  of  mo 
or  less  concentrated  sulphuric  acid,  which  decomposes  th^ 
extremely  soluble  nitrate  of  copper,  transforming  it  int^ 
the  sulphate,  which  is  crystallized  out  and  separated  h 
decantation.      These    crystals  are  sold   to    the  chemic 
manufaeturers  luider  the  name  of  gilder's  verdegris  (vert 
de-gris  tie  doreur).    The  supernatant  liquid,  which  consists 
of  aqua  fortis  still  more  or  less  charged  with  copper,  and 
with    sulphuric   acid,  is  used    for   the  whitening    bath* 
employed  by  vaniishers.  (Sec  C'hapter  Tl.     Aqua  fortii 
for  Bright  Dipping  and  Ayiiitening  Bath.) 

The  spent  acids  used  for  bright  or  ''  dead*'  dipping  a 
commonly  mixed  witli  spent  aqua  fortis.  The  effect  is 
practically  the  same  as  the  addition  of  sulphuric  acid  in 
the  case  just  named ;  that  is  to  say,  crystals  of  stdphate 
of  copper  are  deposited,  and  the  supernatant  liquid  is 
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Ulized  for  the  preparation  of  a  new  bright  dipping  bath, 
p  the  whitening  bath. 

Solutions  used  for  dwiltering  are  diluted  with  four  or 
Sre  tiraes  their  weiglit  of  water^  with  the  addition  of 
immou  salt  or  of  hydroehloric  acid,  which  precipitates 
|e  silver  in  the  state  of  insoluble  chloride* 
[jSolutions  used  for  nnglhlmg  are  diluted  with  five  or 
TK  times  their  volume  of  water,  treated  with  an  excess 
f  sulphate  of  ii*on  (cop^x^ra^),  and  allowed  to  remain 
(ndisturbed  for  some  time.  Hie  gold  collects  in  the  con- 
Ition  of  a  brownish  powder  at  tlie  bottom  of  the  bath, 
Dd  is  recovered  either  by  dccantation  or  filh^ation.  The 
covered  gold  after  several  washings  may  either  be  fused 
nd  e4i«t  into  an  ingot,  or  dissolved  in  aqua  regia  to  form 
*Tchloride. 

Finally,  the  spent  nitric  acid  of  batteries  is  dis|>osed  of 
p  the  manufacturers  of  dyes,  who,  after  removing  the 
lercury,  should  it  contain  any,  convert  it  into  nitrate  of 
poD,  which  is  used  for  dying  black  and  various  dark 
blades. 
The  sulphuric  acid  in  which  the  zincs  of  the  battery 
'Ve  been  immersed  are  commonly  thrown  away  as  of  no 
Itie.  Nevertheless,  the  firms  that  operate  on  a  large 
^e  have  begun  to  dispose*  of  it  to  the  chemical  manu- 
facturers, who  satiH'ate  it,  hot,  with  oxide  of  zinc,  metal- 
arinc,  or  tfie  dross  of  this  metal,  producing  a  sulphate 
351  nc^  dense  or  crystallized.  This  salt  is  employed  at 
present  time  in  considerable  quantities  in  tlie  nianu- 
ture  of  strong  glue.  It  is  also  used  for  dishifecting 
eposes. 
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rOMMKXTS  ON  THE  FOREGOING  METHODS. 
Jh-ecauiitms  Necesaary — MoiUjicationii  Stiggestcfh 

For  \\\v  trcuttnrat  of  old,  spoiled,  or  spent  ci/anlde 
Imths,  ritluT  of  gold  or  silver,  it  will  be  noticed,  Ro^ieleur 
pieft'is  the  metlHJtl  of  fusion  to  that  of  preripitation. 
This  preference  is  unquestionably  proper,  unless  the  biilk 
of  8oliition  to  lie  evapomted  is  very  great,  for  the  dry 
method  rtMinin^s  much  less  manipulative  skill  than  the 
is'vU  tJu*  chunces  of  lass  of  the  precious  metals  by  ini* 
jK'rfect  precipitation,  etc,^  are  avoided,  and  the  operator 
is  not  incommodetl  by  the  disengagement  of  ^Kiisonoii* 
va[iors  of  hydrocyanic  acid*  It  is  jKissible*  however,  tliat 
the  reilnrtiou  of  the  pix?rious  metals  by  fusion  of  the  drj 
residuum  in  llu*  manner  described,  may  not  be  perfeetl) 
ncTamphshixl,  and  that  the  slag  from  which  the  button 
or  \KirticUn»  of  metal  are  removed  *  may  stiU  contain  a 
aiiudi  ijuautity  of  metaL  To  be  assured  that  no  preciou.^ 
metal  is  Uv^t  in  this  form,  it  will  be  prudent  to  litiviatt* 
iIh^  nui^s  in  hi4  nuter,  pour  off  the  wash  waters,  and  test 
ttmn  for  sttTet  or  gtilcL  For  nlvet^  by  the  addition  of 
buhwWoTic  acid,  which  will  ptodate.  if  any  is  pn^sentt 
a  i^Hn^utate  Kilt  cbloiide  of  silver;  and  lor  gold,  by  first- 
acMuUtiug  the  bquid  witb  byArodJcifc  add,  beating  it  ti 
Unhnis^  ami  tntn?idiirt«|;  wwe  hnt;gtmnts  of  metalbc  m 
wbicK  afttHT  MUr  Ikhks  will  pvecifilate  tbe  romaininj 
tiww  af  ^!wL 

it  flMMkM  v^  iwcwwl  that 

I^M  ftw  a  k^a|t  tiawv  wiB 
adlMMk  ta  piM»  alia  sSNtr 


ctau.  bave 
qiBnitilM< 
by  the  abote^^ 
.  mcitaiiit  ^ 
T>»  aepaiat^ 
!^tbei 
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lie  biittoa  or  residuum  with  aqua  regia,  which  will  dis- 
solve the  gold  and  the  copper  as  chlorides,  and  leave  the 
silver  as  cliloridc,  in  which  condition  it  can  be  separated 
by  filtration,  and  reduced  in  the  manner  previously  de- 
scribed. The  gold  may  be  separated  from  the  copper  by 
the  addition  of  proto-sulphate  of  iron. 

Similarly,  cf/auitle  plafing  soJutioiis  that  have  done 
long  service  in  plating  arti«^les  of  copper,  bronze,  or  brass^ 
will  contain  a  notahh:*  quantity  of  copper,  which,  in  rccov. 
ering  the  silver  by  the  method  of  fusion  will  contaminate 
the  reduced  silver.  The  mode  of  purifying  the  silver  is 
described  above. 

As  it  may  sometimes  be  fountl  inconvenient  to  use  the 
dry  method  of  reduction  for  the  recovery  of  gold  and  silver 
from  old  or  spoiled  cyanide  solutions,  as  where  the  volume 
of  liquid  to  he  evaporated  is  very  considerable,  or  for 
other  reasons,  w^c  append  a  brief  description  of  t!ie  most 
approved  wet  methods  for  that  pnrpos*?,  for  whicli  we  are 
indebted   to  Eisner  (Winckler,   Ilandhmh  d.  MetalVdher' 

Rmomry  of  Gold  from  Old  Ct/anide    Gildhifj  Batfut 

(Wet   Process)* — The  solution    containing   gohh   silver, 

and  copper  is  aciduUited  with   hydrochloric  acid,  which 

eaiises  a  disengagement  of  hydrocyanic  acid  (this  gas  is 

^ctremthf    poUonoiis^   for   which    reason    the   operation 

should  he  carried  on  in   the  open  air,  or  where  there  is 

good  draft  or  ventilation  to  carry  off  the  fumes),     A  pre- 

^-'ipitate  consisting  of  the  cyanides  of   gold  and  copper, 

and   ehloride  of  silvtT,  is  formed.     This  is  well  washed^ 

^^<i    boiled  in  aqua  regia,  whicli   dissolves  the  gold  and 

*Ppc^r  as  chlorides,  leaving  tlie  r-hloride  of  silver  behind. 

Ihf?  ^lution  contiiining  the  gold  and  copper  is  evaporated 

tuearly  to  dryness,  in  order  to  remove  the  excess  of  acid, 

tilc  rtisidue  is  dissolved  in  a  small  quantity  of  water,  and 

™*^  gold  precipitated  therefrom  as  a  brown  metallic  pow- 
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der,  by  the  addition  of  sulphate  of  iron  (coppei'ns).  Tbe 
copper  remains  in  solution.  (See  Recovery  of  Copf^r, 
p.  4150 

The  silver  chloride  is  reduced  by  fusion  with  carlioD* 
ated  alkali  as  previously  desc-ribeil.  It  should  Ix*  noti(tNl» 
however,  that  by  Eisner's  process  the  separation  of  the 
gold  is  not  perfect,  since  the  original  solution  from  whiA 
the  metals  were  precipitated  by  hydrochlaric  acid  still 
contfrins  a  little  gold. 

These  remaining  traces  of  gold  may  be  be*<t  n-^  ^ 
by  strongly  acidulating  the  original  solution,  hea  , 
to  the  boiling  point,  and  introducing  therein  some  fxaf* 
nients  of  zinc,  which  will  remove  the  laist  traces  of  gali 
Aller  the  solution  of  the  zinc,  the  precipitattKl  gold  may 
be  collected  and  added  to  the  principal  portion, 

Ifecoveiy  of  Silver  froin  Old  fU/anich  Plating  Soiutifmi 
(Wet  Method). — Strongly  acidulate  the  tolutiou  with  lij* 
drochloric  acid,  as  above  (observing  the  pTecaution  to  pro- 
vide ft*r  the  effectual  carrying  off  of  the  hydroeyanic  *4ritl 
liberated).  Kemove  the  precipitated  diloride  of  silver  and 
cyanide  of  copper  by  filtration,  and,  after  thorough  wa*h* 
ing,  transfer  it  to  a  porcelain  dish  and  treat  it,  wth  the 
aid  of  heat,  w  ith  hot  hydrochloric  acid,  which  will  diHsohT 
the  cyanide  of  copi>er.  The  resulting  chloride  of  sUw 
is  then  reduc*ed  to  the  metallic  state  in  the  mauoer  jine- 
viously  described* 

Other  processes,  wet  and  dry,  ha%'e  been  descTil>ecl  \n 
various*  authors,  for  recovering  gold  and  silver  froin  cJJ 
baths  (consult  Eisner,  WinckJer^s  Jlandb.^  20a  et  *rf.; 
Bolley,  Id,  205;  Hsner,  Hes^enberg,  Jour,  /  prafc. 
Chem,,  xxxvii.  477;  xxxviii.  169,  256;  fhiber,  Dintf- 
ler^s  Ibh/tech.  Jonr.y  clxviii.  384;  Boettger,  X^arrentrapiv 
Winckler's  Hamlb.,  207);  but  the  methods  above  given, 
when  intelligently  applied,  will  be  foimd  to  give  vciy 
satisiactory  results. 


PART  n. 


GALVANOPLASTIC  OPERATIONS  PROPER. 


THICK  METALLIC  DEPOSITS, 


CHAPTER  XLIX. 

OBJECTS  OF  THE  GALVANOPLASTIC  ART. 

One  who  will  have  practised  the  operations  described 
in  the  first  part  of  this  work,  will  find  no  difficulty  what- 
ever in  the  manipulations  which  follow.  The  Galvano- 
PLASTic  ART  proper  calls  for  baths  less  complex  in  their 
composition ;  the  causes  of  failure  from  too  much  or  too 
little  intensity  in  the  electric  current  are  less  frequent; 
and  in  the  majority  of  cases,  the  operations  are  inexpen- 
sive. 

Although  plating  with  gold  and  silver  and  other  metals 
with  the  aid  of  electricity  is  a  branch  of  the  galva7ioj)las» 
tic  airt^  it  is  customary  to  confine  this  term  to  those  depoa^ 
its  having  sirffwient  thickness  to  form  a  resisting  hody^ 
which  may  he  separated  from  the  object  serving  as  a  mouldy 
and  which^  at  the  same  time^  vnll  2neserve  the  shape  and 
dimensions  of  the  model.  To  be  more  explicit,  let  us  give 
a  few  examples : — 

A  medallion  of  bronze  being  given,  we  may  superpose 
upon  one  of  its  faces  an  electro-deposit,  which,  being  sep- 
arated from  its  matrix  or  mould,  reproduces  with  mathe- 
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matical  accuracy  all  thf?  parts  of  the  model  save  that  ik 
sunken  portions  appear  in  relief,  and  conversely. 

A  statue  of  plaster  of  Paris,  a  carving  in  wood,  an  im- 
press in  wax,  or  in  gutta  pcTcha,  a  fruit,  etc.,  niaj,  allcf 
certain  preparations,  be  covered  with  an  elect ro-deporil 
say,  of  copper,  and  it  will  be  possible  to  destroy  the  mould 
and  to  preserve  in  this  deposit  a  fac  simile  of  its  form  ami 
its  dimensions. 

The  gah annplastic  art  may  c*ven  impart  a  certain  de^w 
of  resistance  and  unalterability  to  materials  essentiallf 
ephemeral  in  their  nature.  Thus,  ornaments  and  uteaal* 
of  crystal,  porc^elain,  clay,  or  wax,  may  be  prescntd 
against  rapid  destruction  by  a  metallic  coating  which  htH 
respect  all  the  minutiie  of  their  forms.  It  will  also  lie 
easy  to  keep  destructible  objects,  like  small  animals,  plants, 
insects,  and  flowers,  indelinitely,  which  w*ill  leave  their 
exact  imprint  on  the  durable  deposit  of  metal  with  which 
they  have  been  covered. 

There  can  be  no  more  striking  proof  of  the  accuracy  of 
galvanoplastic  impressions,  than  to  say  that  the  electro 
deposit  of  copper  upon  a  daguerreotype  will  reproduce  it 
with  all  its  shadows,  tints,  half  tints,  etc.  The  copy  will 
l)e  hi  some  respect  even  superior  to  the  original,  since  tb^ 
image  will  be  in  the  right  position,  and  less  susceptible  tn 
atmospheric  and  pliotodynamic  influences. 

In  gtdvanoplastic  operations,  copper  is  almost  atclw* 
sively  employed.     This  metal  is  easily  sepamted  fi      ' 
combinations,  is  very  malleable,  and  not  veryoxitii. . 
and,  as  it  permits  of  being  perfectly  cleansed  in  the  ^^"^ 
way,  no  difficulty  is  encountered  in  gilding,  silvering,  a^^* 
platinizing  it. 

We  nuist  not  confuse  gtilvnnophvstic  deposits  pro{^ 
with  the  thin  ones  described  in  the  first  part  of  thisuarif 
ami  which  are   merely  adherent   films   of  metal.    The 
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pper  galvanoplastic   deposits    are   generally   obtained 
m  simple  salts  (sulphRte  of  copper).     The  thin  electro- 
deposits,  on   the  other  hand,  are  produced  from  donble 
salts. 

It  is  pos^sible  also  to  obtain  galvanoplastic  deposits  en- 
tirely of  silver  and  gold ;  but  these  operations  are  excep- 
tional, on  account  of  the  cost  of  the  materials  and  of  the 
difficulties  of  the  operation.  AVe  shall,  nc%'ertheless, 
mention  them  after  we  have  passed  entirely  over  the 
ground  of  copper  galvanoplastic  deposits,  which  have 
l>«^n,  and  are  still,  of  eminent  service  in  the  arts. 

The  galvauoplastic  operator  will  have  presented  to  him 
tile  following  cases; — 

1.  He  will  l)e  required  simply  to  ap|)ly  upon  a  metallic 
surface,  which  is  consequently  a  conductor  of  electricity, 
^  cleposit  of  copper  adhering  to  the  undt^rlying  met-al. 

2.  Or,  the  operation  being  completed,  it  will  be  ueces- 

^^^>'  to  separate  the  two  metals  in  such  a  manner  that 

tri^^y  will  furnish  two  identical  productions,  one  of  which 

i^^iXl   be  a  relief,  and  the  other  an  intaglio.     (Casts  of 

^^^^dals,  bass  reliefs,  etc.) 

?5.  Or,  be  will  he  required  to  apply  an  electro-deposit 
^l>c^n  materials  not  naturally  conductors  of  electricity, 
t>\xt:  rendered  so  by  a  preliminary  process  of  metallization, 
'^  *^e  object  will  be  entirely  or  partly  covered  with  the 
^^^tallic  deposits.  (Chopper  deposits  upon  ornaments  of 
^*^?ster  of  Paris,  wax,  ghiss,  porcelain,  etc.,  or  up(>n  leaves, 
*^^Xits,  insects,  etc.) 

4.  Or,  after  obtaining  the  deposit,  he  will  be  required 

^^    separate  the  non-metallic  moxdd  in  order  to  have  a 

\^rfect  copy  of  the  original  in  copper.     (Ileproduction  of 

Vaulting  tyyie  in  moulds  of  wax,  ntcarine,  guttu  percba, 

gelatine,  tyixjgraphic  clich^s^  electrotypes,  etc.) 

5.  Or,  if  he  cannot  apply  the  electro-deposit  of  copp(*r 
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directly  upon  the  object,  he  will  be  obliged  to  mail 
a  nionld  of  it,  from  which  a  greater  or  less  n«mbtJi^ 
copies  may  be  obtained.     (This  is  the  most  fr^u 

cciirring  case:  an  impiression  of  the  original  isitakfliij 
-^oTue  plastic  substance,  which  is  rendered  a  rondurtftrl| 
electricity,   and   npon    the    surface  thus    nnhilli/id 
galvanoplastic  deposit  is  effected.) 

The  above  five  cases  embrace  all  the  possible  aplJi 
tions  of  the  galvanoplastic  art;  the  same  batb  an«^ 
for  all,  autl  its  composition  is  very  simple. 


CHAPTER  L. 


THE  BATH. 

1 .  Into  a  vessel  that  will  be  unacted  upon  by  siJpli^ 
acid,  such  as  glass,  stoneware,  porcelain,  gutta  percli^*' 
lead,  a  certain   quantity  of  water  is  introduced,  to  wl 
is  added  about  8  to  10  per  cent,  of  sulphuric  acid, 
to  10  volumes  of  acid  to  100  volumes  of  water. 

The  acid  must  be  poured  into  the  water  with  cousta' 
stiiTing,  as  otherwise  the  former,  being  much  denser  tta^ 
water,  falls  to  the  bottom,  and,  slow^ly  combining  witM"^^* 
surrounding  water^  may  cause  an  increase  of  teraix^i^^"^ 
sufficient  to  break  the  glass  or  melt  the  gutta  peTciJ*- 
"Whatever  be  the  nature  of  the  vase,  it  is  alwap  wif«?^ 
add  the  acid  by  small  quantities  at  a  time,  and  tos*tir 
liquid  with  a  glass  or  wooden  rod, 

2.  Dissolve  in  this  acidulated  liqvud  as  much  sul| 
of  copper  as  it  will  take  up  at  the  ordinary  tempt*ral 
If  the  crystals  of  sulphate  of  copper  are  placed  directly 
in  the  liquid,  they  Ml  to  the  bottom,  and  di^vi»lvr 
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slowly,  for  the  reason  that  the  layer  of  water  in  contact 
with  them  soon  bccoines  stiturated,  and,  being  denser  than 
the  liquid  above,  docs  not  mix  with  it,  but  fomts  a  satu- 
rated solution  surrounding  the  crystals*  In  this  case  it  is, 
therefore,  necesstiry  to  agitate  the  liquid  frequently  vvith 
a  glass  or  wooden  rod,  in  order  to  mix   the  denst^  and 

'  saturated  layers  witli  the  lighter  ones  which  have  dissolved 
little  or  no  sulphate.  But  it  is  preferable  to  operate  in  a 
different  manner;  thus,  the  crystals  of  sulphate  of  cop- 
per niay  he  placed  in  a  perforated  ladle  of  cojiper  or  stone- 
w^are,  or  in  a  bag  of  cloth,  suspended  near  the  surface  of 
the  liquid.  With  this  arrangement,  as  soon  as  a  portion 
of  the  liquid  has  become  saturated  with  sulphate  of  cop- 

I  per,  it  becomes  denser  and  flows  downward,  wliile  a  lighter 
layer  takes  its  place,  and  becomes  saturated  in  its  turn. 
When  the  liquid  refuses  to  dissolve  any  more  of  the  crys- 
tals, it  is  said  to  be  saturated,  and  marks  about  25*^  of 
Baum^'s  hydrometer  for  liquids  heavier  than  water. 

.  Water,  without  tlie  addition  of  sulpliuric  acid,  will  dis- 
solve the  sulphate  of  roppt^r  c<[ually  well,  and  may  be 
used  to  form  a  galvanoplastic  bath.  But,  if  the  water  is 
not  distilled,  and  contains,  as  is  nearly  always  the  case 
where  ordinary  water  is  used,  bicarbonate  of  calcium,  the 
solution  is  rendered  turbid  by  the  precipitation  of  car- 
bonate of  copper, 

I  Baths  of  water  and  sulphate  of  cof^per  only  are  rarely 
employed,  because  tUey  nrv  poor  conductors  of  elec- 
tricity, and  because  the  depositi'd  copper  is  irregular, 
granular,  and  brittle.  It  is  possible  to  replace  the  sul- 
phuric acid  by  other  acids  or  salts  which  increase  the 
specific  gravity  of  tlie  liquid,  and  increase  its  electric  con- 
ductivity ;  such  are  acetic,  tartaric,  citric,  etc.,  acids,  or  tlxe 
bisulphates  of  potassium  and  sodium,  the  alums,  and  sul- 
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Fig,  132. 


4oa»*»    <i  3 


phate  of  alurainiunL     But.  in  the  arts,  sulphnrlr  aril 
nearly  always  employed. 

To  Slim  up,  a  galvanoplastie  bath  consists  of  m\e 
more  or  less  acidulated  with  8ulpluirie  acid,  and  saturate 
witli  sulphate  of  coiipcr  at  the  ordinary  teraperaturp. 

Riths  of  sulphate  of  copj>er,  while  w orking,  must  alwajl 
be  kept  saturated  ;  that  is  to  say,  new  supplies  of  ^ulphi^ 

of  copper  must  be  fiimished  to  I 
batli  to  replace  that  decDni|Kistti  1 
fomi  the  metallic   deposit, 
result  is  simply  accompli^h*^  bf 
suspending  to  the  top  of  the  re 
so  as  to  dip  in  the  upper  portio 
of  the  liquid,  bags  of  cloth  or  hail 
or  jxTforated  baskets  of  gutta  i>t 
cha  (Fig.   132),  kept  always  provided  with  crystals 
sulphate  of  copper. 

One  cannot  be  too  particidar  about  the  choice  of  til 
sulpliate  of  copper,  of  which  three  very  distinct  vam^ie^ 
are  found  in  the  market.     The  first,  which  is  the  h^i^ 
is  produced  from  tlie  treatment  of  copper,  or  its  oxid 
with  sulphuric   acid,  more  or  less   concentrated.    TluT 
sulphate  comes  in  the  form  of  rhoraboidal   crystals,  semi* 
transjnirent,  and  of  a  fine  blue  color.     Its  solution  is  als^ 
a  pure  blue. 

The  second  variety  is  produced  from  the  sjjontancous 
oxidization  of  natural  copper  sulphides,  or  pyrites.  As 
these  ores  contain  a  hirge  percentage  of  arsenic  and  other 
metjds,  the  resulting  sulpluites  are  very  impure^  and  uft^ 
exhibit  veins  of  w^hite  and  green. 

The  third  is  the  product  resulting  from  the  treatme 
by  sulphuric  acid  of  the  dipping  liquors  emploved 
cleansing  copper  and    its  alloys.      These  snlphates 
mixed  witli  those  of  zinc  and  of  other  metals  entering  it 
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the  composition  of  bronzes,  brasses,  or  other  alloys.  Be- 
sides they  still  retain  a  certain  proportion  of  nitric  acid, 
which  is  injurious  to  the  operation. 

We  shall  give  in  the  third  part  of  this  work  (Cuemical 
Products),  the  best  and  readiest  methods  for  ascertaining 
the  purity  of  the  sulphate  of  copper. 

The  galvanoplastic  baths  are  always  employed  in  the 
cold,  and  are  kept  in  vessels  of  various  shapes,  according 
to  the  wants  of  the  operator.  Stoneware,  porcelain,  and 
glass  are  the  best  materials  for  the  purpose ;  but  as  it  is 
quite  difficult  to  find  in  the  trade  such  vessels  sufficiently 
large,  it  is  also  customary  to  employ  wooden  troughs,  vats, 
covered  inside  with  a  layer  of  gutta  percha,  marine  glue, 
various  resinous  substances,  or  with  sheet  lead,  which  may 
be  coated  with  a  layer  of  varnish. 

Zinc,  iron,  and  tin  must,  manifestly,  be  excluded  from 
the  bath  on  account  of  the  chemical  reactions  taking 
place  between  these  metals  and  the  sulphate  of  copper. 

The  working  of  galvanoplastic  baths  remains  satisfac- 
tory, when  the  specific  gravity  is  retained  between  20° 
and  25°  Baum^. 


CHAPTER  LI. 

MODES   OF    OPERATING DEPOSITS    BY   SEPARATE    CURRENT — 

SIMPLE    APPAR 
LARGE   PLANT. 


SIMPLE    APPARATUS — THE    SAME   FOR    THE   "  AMATEUR" 


Modes  of  Operating. 

It  has  been  stated  that  copper  can  be  reduced  by  two 
distinct  methods,  viz:  by  the  separate  current  process, 
employing  either   the   voltaic   battery  or  the   dynamo- 
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mducting  wire  attached  to  the  negative  pole  of  the 
y  or  dyuanio,  and  immersed  in  the  solution.  On 
her  hand,  to  the  conducting  wire  leading  from  the 
e  pole  (carhon  or  copper)  is  attaclied  a  shet^t  or 
iif  copper,  and  this  anode  is  placed  in  the  liquid 
2I  to  the  object  connected  with  the  other  pole. 
plate  shoidd  liave  a  surftice  at  least  equal  to  that  ot 
"tide  to  be  covered.  The  deposit  begins  imniedi- 
and  its  progress  may  be  observed  by  renioving  the 

now  and  then  from  the  solution, 
^e  operate  upon  a  clean  metallic  t^urface,  the  deposit 
►per  will  be  formed  iiistantaneonsly  on  every  part 

on  the  contrary,  if  the  surface  is  only  a  mediocre 
ctor  of  electricity  (as  plumbugo  or  graphite),  the 
t  begins  at  the  points  nearest  by  the  conducting 
md  from  which  it  spreads  over  the  surface  from  one 


Fig.  134, 


ule  to  the  other.  Thus,  for  instance,  a  medal  of 
covered  with  plumbago  (Fig.  134),  and  joined  at 
m  alone  with  the  conducting  wire,  will  receive  a 
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deposit  beginning  at  the  periphery,  and  radiating  towards 
the  centre.     After  a  variable  length  of  time,  the  whole 
surface  will  be  covered  ;  hut,  evidently,  the  thickness  of 
the   deposit   will   Ije   greater  at  tlie   edges  than  at  the  j 
centre.     This  is  at  times  very  objectionable,  and  to  avoidH| 
it,  the  metallization  of  the  moidd  is  resorted  to,  an  will 
l>e  explained  further  on.    (See,  also,  the  chapter  on  £l£0  J 
TROTYPIXG,  Ivniglit's  process.)  ' 

\^'ith  a  little  practice  it  is  easy  to  ascertain  whether  the^ 
intensity  of  the  cnnent  bears  the  proper  relation  to  th<3 
surfaces  to  be  covered.  The  operation  is  slow  with  a  weal 
current,  but  tliere  is  no  other  inconvenience  associated" 
with  this,  unless  the  substance  of  the  mould  is  alterable, 
like  gelatine.  Too  intense  a  current  results  in  a  gi-annlar 
deposit,  the  particles  of  which  liave  little  cohesion,  and 
no  adherence  to  the  mould. 

Simplified  Apparatus, 

A  modified  process,  which  is  capable  of  yielding  gal  vane 
plastic  deposits,  employs  substantially  a  solution  of  sul- 
]>hate  of  copi)er,  in  which  is  immersed   a  diaphragm  otM 
porous  cell  tilled  with  some  liquid  capable  of  dissolving" 
iron  or  zinc  placed  in  it*     The  iron  or  zinc  is  connected 
by  a  conducting  wire  with   the  olyect  in  the  bath  which 
is  intended  to  receive  the  deposit.  ■ 

It  is  scarcely  necessary  to  explain  that  the  nature,  shape, 
volume,  and  disposition  of  this  apparatus  may  be  varied 
ad  infimfum,  to  suit  the  purpose  of  the  operator  and  the 
shape  of  the  moulds.  M 

The  most  convenient  form  of  this  apparatus  is  that  in 
which  the  surfaces  of  tlie  zinc  are  nearly  equivalent,  and, 
as  far  as  practicable,  parallel  to  those  of  the  mould.  '  This_ 
latter  condition  is,  in  most  cases,  very  difficult  to  fulfil. 
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Simplified  Apparatus  for  Amaienrs, 

Beginners  will  have  no  difficulty  in  arranging  an  inex- 
pensive apparatus,  which  will  suit  perfectly  for  depositing 
copper  upon  small  flat  surfaces,  or  upon  medals,  or  small 
articles  in  bas-relief  by  conforming  to  the  following  direc- 
tions. The  solution  of  sulphate  of  copper  may  be  kept  in  a 
stoneware,  earthenware,  or  porcelain  vessel,  in  the  centre  of 
which  stands  a  porous  cell  filled  with  water  acidified  with 
2  or  3  per  cent,  of  sulphuric  acid,  and  1  per  cent,  of  amal- 
g^araating  salt.  This  liquid  surrounds  a  cylinder  of  zinc 
(Fig.  135),  which  supports  a  circle  of  brass  wire,  the  two 


crossed  diameters  of  which  are  soldered,  or  simply  fixed, 
in  four  notches  to  the  top  of  the  zinc  cylinder. 

In  this  manner  it  will  be  easy  to  suspend  from  this  cir- 
cular framework  a  certain  number  of  objects  or  moulds, 
which  will  be  immersed  in  the  liquid  in  such  a  manner 
that  the  faces  to  be  covered  shall  face  the  diaphragm. 
Two  small  bags  of  hair,  filled  with  sulphate  of  copper, 
are  attached  to  the  upper  edge  of  the  vessel. 

Fig.  136  represents  a  simple  apparatus  for  amateurs, 

28 
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devised  by  M.  Roseleur,  which  may  be  easily  transpoitd, 
and  is  not  liable  to  be  broken.    It  is  a  rectangular  tronj^ 

Fig.  136. 


of  gutta  percha  in  the  centre  of  which  are  two  grooves  f( 
holding  hi  position  a  flat  or  oval  diaphragm  (Fig.  131 
At  the  two  extremities,  and  at  the  top,  two  small  trays  ai 
fixed,  which  serve  as  handles  for  moving  the  apparatu 
and  commnnicate  with  the  interior  of  the  vat  bv  numeroi 
small  holes.  These  trays  are  filled  with  crystals  of  si 
phate  of  copper.  The  porous  cell  contains  acidiilat 
water  and  a  plate  of  amalgamated  zinc  (Fig.  138).  T 
connections  are  made  by  means  of  double  binding  screv 
placed  upon  the  zinc  plate  and  the  supporting  rods  (F 
139).     The  metallic  wires  are  twisted  in  spirals,  so  as 
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allow  of  the  rods  supporting  the  articles  being  approached 
to  or  removed  from  the  diaphragm. 


Fig.  137. 


Ficr.  138. 


With  this  disposition  of  the  apparatus  each  side  of  the 
cell  may  be  used  for  operating  upon  a  medal  or  bas-relief; 

Fig.  139. 


=n) 


"^t  if  two  cells  are  arranged  in  the  vat,  one  at  each  end 
^f  the  apparatus,  and  with  tlie  supporting  rod  between 
^h^m,  the  deposit  on  objects  in  high  relief — a  small 
*te.tue,  for  instance — may  be  effected  on  all  sides  at  once. 

Large  Plant 

'  For  covering  large  surfaces,  Roseleur  describes  the  fol- 
lowing disposition.    The  bath  will  be  contained  in  a  large 


metallic  ribbon  is  connected  with  all  the  binding  scrcW 
of  the  cylinders,  and  is  in  contact  at  its  extremities  wit 
two  metallic  bands  on  the  ledges  of  the  depositing  va 
The  metallic  rods  snpporting  the  moulds  are  in  conta 
with  the  metallic  bands*  of  the  ledges,  and  therefore  i 
connection  with  the  zincs. 

With  such  a  disposition  of  the  supporting  rods  on  eac 
side  ol  the  depositing  vat,  the  entire  surlace  of  the  /iuc^ 
is  utilized.     It  w  ill  be  easy  to  double  the  effect  by  employ 
ing  two  rows  of  cells  instead  of  one  (Fig;  141);  thus,  m 
surface  will  be  covered  on  each  side  of  the  trough,  an 


f,  instead  of  nearly  i>lane  snrfaees,  it  is  required  to 
ftrate  upon  objects  in  high  relief,  be  has  reronrse  to 
I  circular  depositiufr  vat  (Fijj,  142),  in  which  tlie  cells 
HI  a  circle,  and  the  mould  to  be  covered  is  in  the  centre, 
^Vhatever  be  the  shape  of  the  mould,  its  position  should 
w  and  then  be  changed,  that  is  to  say,  the  upper  por- 
il8  should  be  made  the  lower  ones,  and  conversely.  This 
lecc^ssary,  because  the  lower  layers  of  the  bath  give  the 
ire  abundant  deposits,  which  is  explained  by  the  differ- 
of  specific  gravity  of  tlie  layers  more  or  less  charged 
sulphate.     In  fact,  a  solution  may  contain  very  little 

hate  at  the  surface,  and  be  saturated  with  it  at  the 

;om.  This  explains  the  practice  of  keeping  tlie  tray 
lulphate  at  the  top  of  the  bath,  instead  of  alluwing  the 

tals  to  lie  at  the  bottom. 
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Formerly,  a  certain  apparatus,  quite  inconvenient,  and 
railed  an  electrotype^  was  used  for  the  reproduction  of 

Fig.  Ui. 


medals.     It  was  roinposod  of  a  eylindrical  glass  vase,  witb 
a  wooden  eover  (Fig.  143),  to  wiiich  w^as  fixed  a  support 

Fig.  U3. 


in  the  shape  of  a  1\  with  two  holes   each  supplied  witll 
binding  screws.     The  wooden  cover  had  a  circular  open- 
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Fiff.  144. 


ing  through  which  passed  a  tnmctited  cone  of  glii^is  (Fig. 

144),  open  ahove  and  chased  behiw  witli  a  piece  of  bladder. 

For  working  this  apparatus,  the  mould 

"was  fixed  upon  a  metallic  disk,  dipping 

into  the  sohition  of  snlphate  of  copper, 

and  connected  by  a  bent  wire  with  the 

top  support      Another  wire,  bent  twice 

at  right  angles,  passed  tht*ough  the  second 

hole  of  the  support,  and  carried   a  disk  of  zinc  dipping 

into  acididated  or  salted  water  contained  in  the  tnincmted 

cone  of  glass.      By  this  disposition  the  mould  and  the 

2ine  plate  were  kept  horizontal  and  opposite  each  other, 

but  separated  by  the  bladder. 

This  apiraratus,  the  manipulation  of  which  was  tcxlious 
and  difficult,  has  been  simply  mentioned,  because  it  w*as 
he  first  in  use.  It  has  been  superseded  by  apparatus  in 
which  the  cell  and  the  moulds  arc  placed  vertically, 
which  allows  of  the  rapid  removal  and  examination  of 
the  objects.  It  shonkt  Iiowever,  be  mentioned  tliat  this 
latter  disposition  favors  the  production  of  stria*  upon  the 
deposits,  should  the  opemtor  neglect  to  chanii:e,  now  and 
then,  the  position  of  the  articles.  These  striee  are  mainly 
due  to  convection  currents  formed  by  liquid  layers  of 
unequal  saturation  which  traverse  tlie  siu'lace  of  the 
object,  and  they  are  the  more  numerous  as  the  intensity 
of  the  current  is  greater.  Tliey  may  he  avoided  by 
frequently  agitating  the  bath,  or  tlie  objects. 

As  far  as  practicahh:*,  the  liquids  in  the  bath  and  in  the 
cells  shouhl  be  maintained  at  tlie.same  Ic^vel ;  and  it  is 
even  more  pnulent  to  have  that  of  the  bath  slightly  above 
that  of  the  cell,  in  order  to  prevent  the  solution  of  zinc 
from  mingling  by  exosmose  with  the  copper  solution. 
The  converse  is  preferabk*,  although  the  zincs  become 
blackened  by  a  pulverukuit  deposit  of  copper. 


440 


GALVANDPLASTIC   BIANIPULATtOXS. 


CHAPTER  Ln. 


DIAPIIKAGMS   OR    POROUS  CELLS KEEPING    THE   BATTKRT  IX  | 

OKDEE — ^AMALGAMATING   SALT ^ACID   DATHS, 

Diaphragms  or  Porous  Cells. 

By  this  name  wc  designate  vessels  made  of  matt 
capable   of  containing   liquids,   and,  at  the  same  tira^ij 
of  allowing  them  to  ooze  out  slowly  through  their  f^^\ 
especially  under  the  influence  of  electricity.     Pipccbn 
pasli^iioard,  bladder,  gold»beater*s  skin*  and  parthm^HJ 
certain  tissues,  especially  sail-cloth,  and  certain  kind* 
woods,  may  be  employed  for  diapliragms.     But  uothi<»! 
answers  the  purpose  so  well  as  porcelain  clay,  or  kat)!"^! 
submitted  to  a  certain  heat,  which   hardens  the  [i^'^M 
without  destroying  its  porosity.     Vases  made  withtk>^ 
material  are  just  porous  enough,  and  resist  the  action* 
the  most  corrosive  acids.     It  is  this  latter  quality  "^^^^ 
rendt^rs  tlie  kaolin  ( ells  so  much    superior  to  all  t" 
other  substances  indicated  above. 

It  is  often  quite  difficult  to  obtain  cells  of  diraen^'^^*_ 
and  shape  suitable  to  our  wants.  The  largest  ge: 
found  in  the  trade  da  not  exceed  4  inches  in  diaracti 
and  14  inches  in  height.  And,  as  it  often  happens  ill 
we  are  required  to  .effect  deposits  upon  surfaifs, 
height  of  which  is  at  least  double  that  stated,  wc 
indicate  the  numner  of  remedying  this  inconvenie^ 
Diaphragms  of  about  "28  inches  in  length  may  be  niudi 
follows:  Saw  off  carefully  the  bottom  of  a  large  cell,  i 
grind  well  to  match  the  top  of  another*     Then  heat  j 
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'two  ground  ends,  place  them  one  on  the  other  Fig.  145. 
with  an  interposed  film  of  varnish,  and 
^nrap  the  joint  with  a  ribhon  of  giitta  percha, 
which  is  kept  firmly  in  place  by  a  screwed 
collar  of  copper.  Heat  the  collar  again 
slightly  in  order  to  soften  the  gutta  percha, 
^knd  screw  up  the  collar  to  make  the  joint 
tighter-  Lastly,  cover  the  copper  collar 
entirely  with  varnish,  or,  preferably,  melted 
L  gutta  percha  (Fig.  145). 

H  When  the  dimensions  ot  the  diapliragms  are  too  great 
■to  allow  of  the  employment  of  kaolin,  we  must  have 
Brecourse  to  sail  clotli,  fixed  with  copper  nails  upon  a 
*  frame  of  oak.  The  seams  are  covered  with  coal  tar, 
and  the  ch>th  lasts  longer  than  would  be  supposed 
[Diaphragms  are  also  made  of  well-joined  boxes  of  thin 
land  porous  woods.  But  there  is  nothing  that  answers  so 
[well  as  the  kaolin  cell. 


Keeping  the  Battery  in  order. 

It  has  already  been  explained  that  the  electric  current 
was  produced  by  the  action  of  certain  liquid  excitants  which 

•  dowly  dissolve  zinc,  and  that  this  liquid  was  commonly 
water  with  two  or  three  per  cent,  of  sulphuric  or  liydro- 
chloric  acid,  or  simply  a  solution  of  common  salt.  It  is 
evident  that,  after  a  greater  or  less  lengtli  of  time,  the 

I  action  w^ill  be  arrested  by  the  saturation  of  the  acid  or  of 
the  salt ;  we  must  therefore  maintain,  or  revive,  the  action 
by  additions  of  the  exciting  liquid,  for  which  purpose  the 
procedure  is  as  follows  : — 
[  The  battery,  charged  as  described,  \yill  work  well  for 
twenty-four  hours;  and,  for  four  consecutive  days,  it  will 
be  sufficient  to  add  small  quantities  of  acid  and  amalga- 
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mating  salt,  in  proportion  governed  by  the  capacitvof  tk 
cells,  stirriug  the  liquid  with  a  gliiss  rod. 

On  the  fifth  day,  all  the  exciting  liquid  is  fioumi  4, 
and  a  fresh  charge  is  substituted,  as,  without  this  jmfw^ 
tion,  the  zine  salt  will  be  found  to  acxjumidafe  to  ^■"^'  " 
extent  as  to  crystaUize  u]x>n  tlie  zinc!*,  elog  up  t 
and  by  arresting  the  osmotic  action,  interrupt  the  ranrnt* 

It  is  useless  to  allow  the  roiTOsion  of  the  zinc,  exrej^ 
on  the  surfiice  that  fncos  the  article  to  be  eovercnl;  thttf' 
fore,  it  is  well  to  varnisli  the  insides  of  ?rinc  cylinJ^ 
Tliis  method,  however,  will  succeed  only  with  th^  ^ 
ployment  of  amalgamating  salt. 

Cast-zinc,  tlioiigli  it  answers  the  purpose,  is  far 
as  regards  durability  and  economy,  to  rolled  zinc,  ^  ^ 
is  more  dense  and  Iioniogeneous,  and  which  willlif^B^ 
forndy  corroded  instead  of  Wing  perforated  by  theaoJ* 

It  sometimes  happens  that  the  zinc  is  scarceh  att  i ^^ 
even  by  concentrated  litpiids,  and  that  a  multitude  ^^ 
small  canties  make  their  appearanc^^  on  its  surfaw  ^^ 
becomes  covered  also  with  a  grayisli-black  ciust, an" ^^' 
flow  of  electricity  at  length  ceases.  These  phtuum*'^ 
take  plat^  when  the  zinc  is  rich  in  lead. 

All  commercial  zinr^  contain  lead,  in  greater  or  »^ 
proportion,  Init  wlien  the  proportion  of  lead  is  too^' 
the  above  diffic*ulties  ensue*     In  zinc  rolling  mill?^^'^ 

*  A  dmphragm  or  cf^ll  iimy  become  cloggeil  in  two  (iilferpn**^* 
By  flie  sulphMe  of  zinc  which,  Imving  nn  inaiufEeiency  of  ythU^*^ 
IhUizos  in  its  pim^*^.  In  this  eiist?  il  is  ^uili«!ieijt  to  boil  tlK'<^^^' 
wta<r  auidulaleLl  with  sulphuric  acid,  to  restore  rlfl  jionJBiiy ♦ '^' 
deposits  of  copper  cautted  by  binl  working.  It  is  ibon  nec***'^ 
clip  tfie  cells  in  acjya  fortis  until  all  of  the  copper  U  dissolvcil, svu" 
rinse  ill  pkinly  ot'  water  aflerwarcU. 

It  is  also  posfsible  to  clean  cells  by  keeping  tliem  fiUeJ  with^***^* 
which,  escaping  through  the  pores,  di^^charged  tbe  subdtftooes  *^  i 
which  they  are  clogged* 
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a  great  quantity  of  zinc  is  melted  at  once,  the  phenomenon 
of  liquation  takes  place  by  which  nearly  all  of  the  lead 
goes  to  the  bottom  of  the  containing  vessel.  It  results 
from  this  that  when  the  upper  portions  of  the  molten 
metal  are  ladled  out  to  form  the  slabs  for  rolling,  the  zinc 
obtained  is  quite  pure ;  while  that  taken  from  the  bottom 
parts  is  rich  in  lead.  The  latter  is  very  good  for  roofing 
and  many  other  purposes,  but  it  should  be  avoided  by 
galvanoplastic  operators. 

Amalgamating  Salt.. 

The  great  majority  of  operators,  in  order  to  avoid  the 
solution  of  the  zinc  when  the  apparatus  is  not  working, 
cletmse  it  in  diluted  hydrochloric  acid,  and  then  amalga- 
mate it  by  rolling  the  cylinders  in  a  trough  filled  with 
mercury.  This  method  necessitates  the  employment  of  a 
large  quantity  of  mercury,  wliich,  not  only  does  not  form 
a  uniform  coating,  but  renders  the  copper  connections 
brittle.  Instead  of  metallic  mercury,  Roseleur  uses  a  com- 
pound of  this  metal,  made  for  the  purpose,  and  introduced 
into  the  cell  itself  in  the  form  of  a  liquid.  By  this  means, 
only  that  part  of  the  zinc  which  dips  into  the  liquid  re- 
ceives the  mercury  deposit,  and  the  amalgamation  is  con- 
tinued during  the  solution  of  the  zinc. 

The  salt  which  he  employs  is  prepared  by  boiling 
an  aqueous  solution  of  mercuric  nitrate,  with  an  excess 
of  a  powder  composed  of  equal  parts  of  mercuric  chloride 
and  mercuric  sulphate,  and  the  resulting  liquid,  as  above 
stated,  is  added  in  suitable  quantity  to  the  acidulated 
water  in  which  the  zincs  are  immersed.  Its  use  is,  of 
course,  confined  to  those  batteries  in  which  two  fluids  and  a 
porous  cell  are  employed. 
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Acid  Baths. 

We  have  said  that  when  a  bath  becomes  irapoverishri, 
that  is  to  say,  contains  too  weak  a  sohition  of  sulphate  of 
copper,  tlie  elect ro-dejiosit  is  pulvenilent,  black,  and  in^ 
giilar.  The  same  inconvenience  occurs  when  tlie  Utb» 
become  too  acid,  in  which  case  they  do  not  dissoln 
enough  of  sidphate  of  copper. 

While  it  is  true  that,  in  baths  working  with  scpantf 
batteries,  the  copper  of  the  anodes  is  dissolved  and  oomlniH^ 
with  the  sulphuric  acid  set  free  at  the  other  pole,  and  ihui 
maintains  the  solution  without  a  great  excess  of  free  aai 
it  is  not  so  with  the  modified  form  of  apparatus  ]\en 
described.  In  this  case  the  acid  set  free  by  the  depo^itf^l 
metal  remains  uncorabined,  and  will  soon  accumulate  sxiS^ 
ficicntly  to  render  the  bath  too  acid*  and  to  this  cause  of 
excessive  acidity  we  must  add  the  transudation  of  tlie 
liquid  through  the  diapliragm.  It  is,  therefore,  nece>sarT 
that  this  inconvenience  shoidd  hv  now  and  then  rorrccteil 
otherwise  the  electro-deposits  will  be  worthless,  or  at  Iea*l 
very  brittle. 

Roseleur  recommends  the  following  remedies:  Whtu 
the  bath  is  too  acid,  add  carbonate  of  copjier  until  effcr* 
vescence  no  longer  takes  place.  In  this  reaction,  the  ftit 
sulphuric  acid  decomposes  the  carbonate  of  e^pjier,  imi 
forms  sidplmte  of  copper,  and  the  carbonic  acid  cscapf* 
in  gaseous  form.  The  bath  should  then  be  acidific*' 
in  order  to  increase  its  conducting  power.  The  t;,, 
ate  of  copper  may  be  replaced  by  the  oxide  of  the  mctalt 
which  dissolves  without  effervescence.  JIauy  galvano- 
plastic  operators  prepare  the  oxide  by  calcining  at  a  K^ 
heat  all  the  copper  wastes  of  their  operations.  By  tW 
combined  action  of  heat  and  of  the  oxvgen  of  the  air  the 
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copper  is  transformed  into  a  black  oxide  of  copper,  which 
readily  dissolves  in  acid  baths.  If  the  entire  quantity  of 
copper  has  not  been  transformed  into  oxide,  the  operation 
is  repeated  as  often  as  may  be  necessary. 

If,  after  very  long  use,  and  by  transudation  from  the 
cells,  a  bath  becomes  overloaded  with  free  acid  and  sul- 
phate of  zinc,  there  is  no  other  remedy  but  to  prepare  a 
fresh  one. 


CHAPTER  LIII. 

DISPOSITION  OF   THE   PIECES  IN  THE   BATH — GALVANOPLASTIC 
DEPOSITS  UPON  METALS  (WITH  ADHERENCE). 

Disposition  of  the  Pieces  in  the  Bath. 

We  have  said  that  the  pieces  or  moulds  were  placed 
vertically,  and,  as  nearly  as  practicable,  parallel  to  the 
copper  anodes  or  to  the  cells.  The  depth  of  the  bath 
should  be  sufficient  to  have  a  few  inches  of  liquid  above 
and  below  the  moulds.  It  often  occurs  that  the  moulds 
are  lighter  than  the  solution  of  sulphate  of  copper,  and 
it  then  becomes  necessary  to  ballast  them  with  pieces  of 
lead  covered  with  varnish  or  gutta  percha,  or  with  stones, 
glass  stoppers,  or  other  convenient  objects  that  are  non- 
conductors of  electricity. 

When  the  object  to  be  covered  is  metallic,  and  un- 
acted upon  by  the  solution  of  sulphate  of  copper,  it  is 
sufficient  to  attach  the  conducting  wire  to  any  part  of  its 
surface,  and  it  will  be  rapidly  covered  with  a  uniform 
electro-deposit.  On  the  contrar)%  if  the  mould  is  a 
non-conductor  of  electricitv  of  itself,  and  has  been  covered 
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Fig.  146.  with   some  conducting   sub«i 

such   as  plumhaffo   (or  ffm^ 
bronze-powder^  or  red^tced  »lh(f, 
is  ijiiportant,  as  far  us  practifaj 
to  multiply  the  points  of  ci>i 
of  the  electrode.     Koseleur  accom* 
pli^ifhes    this    object   by   attarfiin;r 
to  the   principal    conducting  *^n^ 
(Fig,  14ii)  a  number  of  fine  co|>]»^i 
wires,    like    those    employed  k 
scratch-brushes,  and   causing 
bent  extremities  to  touch  the  dh 
at  various  place^^.     The  ropfier; 
deposited   first  at  these  points 
contcict,  from  which  it  radiate* 
every   direction,    untd    the  vrli< 
surface   is  covered.     This  m*'tbo^ 
likewise   has    the    advantage  ^f  * 
greater  rapidity  of  operation,  and  of  a  practically  wnifoHJ^ 
thickness  of  deposit*     It  is  especially  serric^able  iii  ^ 
case  of  moulds  having   deeply  indented   surfaces.    ^* 
snon  as  the   surface  is  entirely  covered,  the«6  ^\ 
menttUT  wires  may  be  removed. 

Knight's  plan  of  securing  a  thin  copper  deposit  on  tV 
surface  of  black-leaded  moulds,  which  is  described  in  ^ 
chapter  on  ELECTROTYriNG,  will  be  foimd  applicable  in 
many  cases;  and  is  a  simple  and  efficient  remedy  f( 
difficulty  here  alluded  to. 

It  often  happens  that  only  one  face  of  the  mould 
intended  to  receive  the  electro-deixjsit ;  in  this 
will  be  easy  to  protect  the  other  surfaces  against  the» 
of  the  bath  by  the  use  of  a  '*  stopping-oflF"  varnish 
melted  beeswax,  or  softened  gutta  j^ercha.  The  saU 
precaution  should  be  taken  with  the  suspension  vnxi 


GALVANOPLASTIC   DEPOSITS  UPON   METALS.  447 

wrhich  should  be  covered  their  whole  length,  except  at  the 
points  of 'contact. 

Galvanoplastic  Deposits  upon  Metals  {ivith  Adherence). 

The  simplest  case  the  operator  will  meet  in  his  practice 
is  that  of  covering  a  metal  ^vith  a  coating  of  copper  in 
such  a  manner  that  the  object  and  the  deposit  shall  form 
a  single  body. 

All  the  metals  are  not  equally  qualified  to  receive  the 
galvanoplastic  deposit;  and  there  are  some  which  are 
naturally  unfit  for  it.  For  instance,  wrought  and  cast 
iron,  steel  and  zinc,  as  soon  as  immersed  in  tlie  solution 
of  sulphate  of  copper,  and  even  without  the  action  of  the 
galvanic  current,  decompose  the  salt,  and  become  covered 
with  a  muddy,  non-adherent  precipitate  of  copper.  When 
operating  vvith  these  metals  it  is,  therefore,  absolutely 
necessary  to  give  them  a  previous,  and  quite  thick,  coat- 
ing of  copper  in  the  bath  of  double  salts  described  in  the 
first  part  of  this  work,  before  submitting  them  to  the 
action  of  the  sulphate  of  copper  bath.  Tin,  although 
presenting  these  inconveniences  to  a  much  less  degree, 
nevertheless  reacts  upon  the  sulphate  of  copper,  blackens, 
but  finally  receives  a  deposit  of  slight  adherence.  It 
should  also  be  copper-plated  in  the  solutions  of  double 
salts  before  going  into  the  galvanoplastic  bath.  The 
same  observations  hold  good  also  for  lead. 

On  the  other  hand,  when  the  metal  to  be  covered  is 
unacted  upon  by  the  bath,  it  is  sufficient  to  cleanse  it  well, 
and  to  submit  it  then  to  the  action  of  the  current  in  order 
to  obtain  a  rapid  and  uniform  deposit,  which  adheres  more 
or  less  perfectly.  The  copper  deposits  obtained  under 
these  circumstances  should  not  be  too  thick,  otherwise 
the  surfaces  may  have  a  coarse  appearance,  which  will 
not  satisfactorily  reproduce  the  finer  outlines  of  the  mould. 
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With  a  bath  in  good  condition,  and  a  well-regulated 
electric  current,  the  delicacy  of  the  pattern  will  not  be 
impaired  by  a  copper  coating  having  the  thickness  of  a 
sheet  of  stout  writuig  jiaper.  A  bright  lustre  will  be 
imparted  to  the  deixjsited  surface  by  simply  scratch»bruv*ih- 
ing  and  burnishing ;  or  by  a  passage  through  aqua  fortis 
and  soot,  and  afterwards  through  the  acid  mixture  for 
bright  dipping. 


CHAPTER  I.n^ 


DEAD-GILDING   BY  GALVANOPLASTIC   DEPOSIT. 

* 

ALTnoiinn  we  have  already  described  in  ejrtetiso. 
Chapter  XXVL,  the  galvanoplastic  process  of  dead-gild- 
ing, it  may  be  of  interest  to  repeat  the  method  here,  and  to 
genenilize  upon  it  by  describing  its  application  to  all  the 
metals  and  their  alloys,  as  well  as  to  non-metallic  sub- 
Ktancc?^. 

Adherent  galvanoplastic  deposits  furnish  us  the  means 
of  obtaining  cheaply  a  very  handsome  dead-gilding  which 
equals,  if  not  in  durabiUty  at  least  in  appearance,  that  ob- 
tained with  mercury,  which  was  described  in  the  first  part 
of  this  work. 

lloseleur  conducts  the  operation  in  the  following  man- 
ner: After  having  carefully  cleansed  the  object  if  metallic, 
or  rendered  it  a  conductor,  if  non-metallic,  immerse  it  in  the 
sulphate  of  copper  bath,  and  allow  the  deposit  to  acquire 
a  dead  lustre  slightly  in  excess  of  that  desired.     After 
this  operation,  which  may  last  from  two  to  six  hours  re^ 
move  the  article  from  the  bath,  rinse  in  plenty  of  wateff 
and  pass  it  rapidly  thruugli  the  compound  acid  mixture 
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r  bright  dipping,  which  diminishes  the  dead  appearance 
nf  its  surfiice.  Next  rinse  in  fresh  water ;  steep  in  quick- 
Hg  solution,  rinse  again ;  and,  lastly,  immerse  in  an  electro- 
lilding  bath  made  of — 

Distilled  water      ,....,  1000  parts* 
Phoaplmie  of  sodium     *         .         .         ,         .       (K^     ♦* 

Bisulphite  of  sodium 10     ** 

Cyatiide  of  potassium    .  ♦  .  .  •  2     ** 

Gold  (or  its  equivalent  of  chloride)        .  *  1  part. 

At  first  the  current  is  rendered  sufficiently  intense  by 

ttibmerging  the  platinum  anode  deeply;  afterwards  tlie 

intensity  is  diminished  by  partly  withdrawing  the  anode 

nntil  the  tlesircd  shade  of  gold  is  obtained.     This  gilding 

Tequires  but  little  gold,  since  the  frosty  dead  lustre  is  de- 

rived  from  the  copper.     When  the  lustre  of  the  copper 

I  very  fine  and  velvety,  we  may  dispense  with  the  dipping 

b  the  acid   mixture,  but  a  rapid  passage  through   the 

jnicking  solution  is  always  desirable. 

If  the  deposited  gold  be  not  uniform,  or  appears  partly 
loudy,  it  is  proof  of  an  imperfect  deposit  in  the  bath,  or 
i  an  insufficient  passage  through  the  acid  mixture  for 
briglit  dipping.  The  piece  should  then  be  removed  from 
the  bath,  waslied  in  a  tepid  solution  of  cyanide  of  potas- 
sium, rinsed  in  fresli  water,  '^quicked,"  and  electro-gilded 
Slew.  This  gilding  bears  buniishing  well,  hut  acid  waters 
nd  soap,  whicli  will  produce  a  red  tint,  must  be  avoided, 
end  saliva  only,  or  fresli  solutions  of  linseed,  or  of  marsh- 
nallow,  be  useil.  Tlie  tone  of  the  gilding  thus  olitaincd  is 
icher,  deeper,  and  more  durable  than  that  produced  upon 
fosted  silver,  which  last  may  be  recognized  by  the  green 

lor  of  the  buniished  parts* 

This  method  is  employed  for  dead-gilding  the  oma- 
nental  parts  of  cigar-cases,  tahlets,  medals  under  glass 
or  paper- weights^  and  especially  chandeliers,  clocks,  and 


Twmmmt  m  ntilitT,  which^  at  the  pr 
imj^  are  wM  wnA  mmL  dmplT  than  fonneTlir.    Many  ] 
aztkies  of  pbitiT  of  Fans  and  wood  are  al^  gUikHl  by 
tius  ptooesBL 

TWie  adBKfcnt  gj^kmoplastic  depodts  likewise  give 
us  die  neusa  of  ioipaitiii^  a  iiniform  appearance  to  ob- 
jects compoied  of  Wferageneoiis  substaiici^  For  iniitEJice, 
a  dork  ma?  haTe  a  hase  of  eopper  and  ornaments  of 
lead;  and  the  whole  »ay  be  made  to  appear  like  bronze 
after  a  thin  g^?«iioplastir  depost. 

To  condnde :  thb  form  of  deposit  may  be  employed 
for  binding  tof^ether  ^ubstancea  simply  placed  side  by 
side,  since  the  dectro-deposited  coirering  will  form  one 
continuous  body.  Certain  kinds  of  mosaic  work  are  thus 
made,  of  which  the  different  pieces  are  simply  placed  side 
by  side  and  united  by,  or  set  in,  a  galvanoplastic  deposit. 


CHAPTER  LV. 

KOX-ADHERENT  GALTANOFLASTIC    DEPOSITS   UPON    METAIi 
GALVANOPLASTIC  COPIES  OF  DAGUERREOTYPES, 

Nan^tdherent  Galvanoplastic  Deposits  upon  Metals, 

The  second  galvanoplastic  problem  consists  in  deposit- 
ing a  coating  of  copper  upon  another  metal,  and  in  such 
a  manner  that,  the  operation  being  completed,  the  dei>o^it 
may  be  easily  separated  from  the  object  that  has  served^ 
as  a  mould,  presen  ing  at  the  same  time,  with  mathemati' 
ral  accuracy,  the  shaiK*  and  dimensions  of  the  model,  and 
posseHsing  a  considerable  solidity. 

This  method  is  used  for  reproducing  medals,  bas-reUefeiJ 
etc.,  with  great  perfection. 
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We  cannot  give  a  more  striking  example  of  the  capa- 
bilities of  this  method  of  procedure  than  tlie  interesting 
experiment  which  we  have  already  mentioned,  of  repro- 
ducing, with  its  aid,  a  daguerreotype  with  all  its  minutiae. 
The  manipulations,  which  are  very  siaiple,  are  as  follows: 
Take  a  daguerreotype  plate  and  coat  its  back  and  edges 
with  varnish,  then  hold  it  by  a  corner  and  pour  upon  it  a 
small  quantity  of  alcohol,  and  rinse  it  in  fresh  water. 
After  having  connected  it  with  a  brass  conducting  wire, 
hang  it  for  six  or  eight  hours  in  the  bath  of  sidpliatc  of 
copper.  The  four  edges  are  tlien  cut  with  strong  shears, 
and,  by  raising  a  corner  with  a  ])en-knife,  or  visiting 
card,  the  two  sheets  will  easily  separate,  and  will  furnish 
two  images,  one  a.s  perfect  as  the  other. 

Returning  to  the  general  method  of  non-adherent  gal- 
vanoplastic  deposits  of  metals  upon  other  metals,  it  will 
be  necessary,  as  has  been  said,  to  cover  zinc,  iron,  or  tin 
with  a  previous  coating  of  copper  in  the  baths  of  double 
salts  before  submitting  them  to  the  simple  electro4>ath- 

In  this  condition,  or  in  the  case  of  a  metal  unacted 
upon  by  the  bath,  we  proceed  as  follows: — 

After  a  thorough  cleaning  of  the  object  to  be  copied,  it 
is  rubbed  with  a  brusli  charged  witli  plumbago,  or,  wliat 
is  better,  with  a  soft  brush  slightly  passed  over  a  tallow 
candle.  By  this  means,  an  imperceptible  film  of  fatty 
substance,  which  prevents  the  adherence  of  the  deposited 
copper,  is  left  on  tlic  surface.  This  latter  method  is  quite 
as  good,  and  cheaper  than  that  of  covering  with  gold  and 
silver,  sometimes  employed  to  prevent  adherence. 

It  will  be  understood  that  the  deposit  wnll  represent  au 
in%^crted  image  of  the  pattern,  in  which  the  raised  parts  are 
seen  as  hollows,  and  conversely.  This  inconvenience  is 
remedied  by  performing  the  same  o^jeration  anew,  using 
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rar  mm-MTTsLLEc  stbe^ajeces.] 

a&  aitifidaL  or  iaifiiect  adhemee  lie* 
tal  aad  m  non-coodnclizig^  moold 
md  bjr  the  bsobI  inediods,  welded 
or  liUeipJ  oqIt  to  netaliL  Wlioi  we  spook  of  imetallic 
dcyutite  odhegn^  to  soiHiietBliMr  snbstamres.  therefore  it 
wiU  be  imdentood  tfiat*  eitlier  die  oon-oielmUie  owtenal 
m  cQiDpletdT  ennloped  br  the  mctolfic  depoat,  or  thai 
tiie  nNmld  is  ondeinil.  or  held  bv  ^erenl  pooits  of  odho 


In  either  ewe,  when  the  mrtifidal  smuiort  is  lesioved, 
the  metallic  mod  tiQii-«etaIIic  suifiKes  seporate* 

It  is  by  thii  process  dial  we  ore  enabled  to  rarer  wiUi 
gatranofiaslic  deposte  the  smfrces  of  porreIaio«  crrstulf 
plaster  of  IWis,  and  other  pfai^ir  materals,  wcrad,  flowery 
fruits*  animals,  and  the  mce^t  delicate  insects. 

Bot  the  fir^t  diffienlty  to  be  overcome  in  these  irario*3^  ] 
operations  is  the  ab^noe  of  condoctive  power  far  < 
eitj  which  cfaamcteriaes  these  materials.  It  is,  iheiefof 
abmlutely  necessary,  and  before  anything  can  be  done.  *^f 
Tender  them  conductors  by  the  procedure  known  as  mekiifi^ 
miiotu 
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CHAPTER  LVII. 

METALLIZATION PLUMBAGO RENDERING     OBJECTS    IMPER- 
VIOUS  TO    LIQUIDS METALLIC    POWDERS — ^METALLIZATION 

BY  THE  WET  WAY. 

Metallization. 

The  metallization  of  a  non-conducting  substance.consists 
in  covering  all  the  parts,  which  are  destined  to  receive  the 
galvanoplastic  deposit,  with  a  coating  of  some  material 
which  will  conduct  electricity  as  well,  or  nearly  as  well, 
as  a  metal.  This  coating  should  be  imperceptible  in 
thickness,  so  that  it  may  not  sensibly  fill  up  the  finest 
details  of  the  surface  of  the  object. 

Many  methods  are  known  for  imparting  the  power  of 
conducting  the  electric  fluid  to  substances  which  do  not 
possess  it  naturally.  Unfortunately,  however,  none  are 
perfect,  and  many  are  so  expensive  and  difficult  to  apply 
as  to  forbid  their  employment.  We  shall,  nevertheless, 
enumerate  those  in  common  use,  and  which  produce  results 
with  which  we  are  obliged  to  content  ourselves. 

Plumbago — Gilt  Plumbago — Silvered  Plumbago — 
Coppered  Plumbago. 

The  substance  generally  employed  as  a  metallizing 
material  is  plumbago^  also  called  black-lead,  or  graphite. 
In  a  majority  of  cases  its  conducting  power  is  sufficient ; 
and  it  may  be  applied  in  films  thin  enough  not  to  impair 
the  sharpness  of  the  mould. 

Commercial  plumbago  is  rarely  pure,  being  contami- 
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ittted  with  emiih,  mnt,  and  fonietiiiia  witb  Urn  calpUfa 
of  thit  Bieta]*  Tbe  imparitieji  miiT  be  lemored  )^  digest- 
ing lor  tW€tilT-foiir  hoitn  with  hTdrochloric  add  m  ptfte 
maife  of  pfamlMgci  and  water.  Serexal  waabiii^  wHk 
water,  and  a  Am  Arjwg  in  a  stofe  fiiiisfa  the  ofieiatifle. 
In  its  puir  ctate,  plmnbngo  if  rinplT  a  peculiar  Tarirtj 
of  minefal  carbon.  For  the  pnpose  heie  dcaciibed^  only 
the  rerr  bea^  fhonld  be  oned,  and  it  ^hofild  be  in  the  finest 
pOHtUe  state  of  divisioii.  An  extia  qtali^  is  prepaid 
and  mid  exprad j  fer  the  galvano^^plastKr  operator 

Plumbago  is  atidhdonr  fiir  the  metaliizatioa  of 
of  a  certain  nature  and  shape^  but  will  not  mnt  for  otbeis. 
Generalljr,  the  csondiiclittg  power  of  this  anhalaiiPe  is  to^ 
fioent  when  the  wiifccea  are  not  deephr.  indented.  At 
the  moie  tiniet  the  object  sbocdd  be  ro«igh  enough,  or  snf* 
ieientiT  fitttr  or  gvea|f  to  permit  of  the  adherence  of  the 
pfamUiago* 

Boadenr  has  latdj  prepaied  plttmfaago  with  a  conduct- 
mg  power  mnch  greater  than  that  of  the  ordinarr  snb- 
ftance,  br  incorporating  with  it  gidd  or  nhrer. 

GiU  IHumbaffa  h  prepued  aa  fbDowar  In  100  parts  of 
anlphnric  ether  he  dissolTe$  1  pan  of  dilocide  of  gold^  and 
tboroc^hlj  ntinglPB  with  it  from  50  to  60  parts  of  good 
plamhago.  The  whole  is  then  ponred  into  a"shallo«r 
poRseiain  iremA,  and  exposed  to  the  action  of  air  and  light* 
After  a  few  bonis  the  ether  h  ompleCelr  rohitiliaed,  sod 
the  powder  is  now  and  then  stirred  with  a  glass 
The  deaccation  is  finished  in  a  stoTe.  and  the  ptndni 
readjtonse. 

SUmfiei  fhmha^  is  obtained  by  dissolTing  10  piiF 
of  ciyitalliaed  nitrate  of  sflrer  in  200  parts  of 
waler^  and  mixing  with  this  whition  100  parts  of 
plumbago.     The  whole  is  dried  in  a  porcelain  dish,  and 


RENDERING   OBJECTS   IMPERVJOUS   TO   LIQUIDS.        455 


Bii  calcined  at  a  red  heat  in  a  covered  crucible.  After 
olitig,  the  product  is  powdered  agjiin,  and  sifteil. 
Plumbngo  thus  metallized  conducts  electricity  nearly  as 
dl  as  a  metal  surface.  Knight's  process  of  coppering 
•n-conducting  surfiices  is  very  generally  applicable, 
ough  especially  serviceable  in  electrotypiug,  and  consists 
applying  on  the  mould,  after  black-leading,  a  solution 
sulphate  of  cop])er,  then  dusting  thereon  from  a  pepper- 
X  some  impalpably-fine  iron  fihngs,  and  gently  going 
er  the  surface  with  a  soft  brusli.  A  uniform  and  con- 
luous  precipitation  of  pure  metallic  copper  is  thus  pro- 
iced,  which  covers  the  entire  surface  of  the  mould  with 
,  excellent  conducting  medium.  A  process  devised  by 
r,  Adams,  for  accomplishing  the  same  object,  consists 
applying  finely-powdered  tin  to  a  wax  movdd,  with  a 
d  brush,  until  the  surface  presents  a  bright,  metallic 
ipearance. 

^P     Rendering  Ohject^  Impertnom  to  Liquids. 

Certain  objects,  before^being  coated  with  plumbago,  are 
bmitted  to  a  preparatory  operation,  for  the  reason  that 
ey  are  porous,  and  will  be  injured  by  the  solution  of  sul- 
iate  of  copper  wliich  penetrates  them.  OVyects  of  car- 
tnate  of  calcium  ((*hulk  and  marble),  sulphate  of  calcium 
laster  of  Paris),  wood  and  other  spongy  materia^  fall 
to  this  category.  It  is  therefore  necessary  to  render  them 
ipervious  before  metallization,  by  covering  them  with  a 
at  of  varnish,  or  by  saturating  them  with  wax,  tiillow, 
,  still  better,  with  stearine. 

Let  us  take  a  plaster  east,  and  describe  this  procedure: 
fter  having  cut  a  groove  on  the  rim  of  the  object,  con- 
!Ct  to  it  a  brass  wire  in  the  manner  shown  (Fig.  147), 
id  long  enough  to  faeihtate  the  operation.  The  plaster 
lit,  previously  dried,  is  then  dipjx*d  into  a  bath  of  molten 
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with  a  brush  covered  with  phimbago;  and  as  upon  this 
opi^ration  depeuds  the  regularity  of  the  deposit,  care  must 
be  taken  to  render  the  surfaces  completely  black  and 
lustrous,  without  gray  or  wliitish  spots. 

A  process  of  black-leading  moulds  by  the  wet  way, 
which  gives  very  superior  results,  has  been  devised  by 
Mr.  S.  P.  Knight.  He  uses  an  emulsion  of  finest  plum- 
bago and  water,  and  forces  the  same  by  means  of  a  pump 
tand  a  travelling  fine-rose  nozzle  over  the  surface  of  the 
moulds,  which  are  placed  upon  suitable  supports.  The 
surplus  liquid  is  returned  and  used  over  again.  The  pro- 
cess is  specially  intended  for  electrotypers'  use, 

^^'hen   the  model  is  very  indented  or  undercut,  it  be- 
comes difficult  to  employ  plumbago,  and,  in  such  case, 
the  entire  mould,  or  at  least  the  cavities,  are  metallized 
by  the  wet  way,  about  to  be  described. 
H     It  is  generally  believed  that  soft  brushes  should  be  cm- 
^ployed  for  spreading  the  plund>ago  upon  moulds.     This 
^Ls  a  mistake  whicli  prevents  many  from  succeeding;  Rose- 
B^ur  uses  watchmakers',  and  even  blacking  brushes,  with 
^Vvhich  he  obtains  sufficient  friction   to  cause  the  adhe- 
^»"cnce  of  the    plumbago  without   injury  to   the  mould. 

Crtists*  modelling  wax  alone  requires  mft  brushes. 
The  metallization  of  stearined   objects  succeeds  well 
ith  alabaster,  plaster  of  Paris,  wood,  etc.     For  the  latter, 
Tiowever,  Roseleur  prefers  a  protracted  steejjing  in  fatty 
oil,  or  simply  in  linseed  oil.     The  object  must  be  rubbed 

I  dry  before  the  phunhago  is  applied. 
When  the  substances  to  be  metallized  are  not  porous, 
they  are  covered  with  a  thin  coating  of  varnish,  which, 
when  nearly  dry,  receives  the  plumbago.     This  method 
applies  to  glass,  porcehun,  stoneware,  horn,  and  ivory. 

It  is  by  analogous  processes,  that  M*  Oudry  has  suc- 
ceeded in  producing,  ou  the  commercial  scale,  those  ureat 
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)un tains,  vases,  statues,  railings,  etc.,  and  could  cover 
le  entire  hull  of  a  ship  with  a  continuous  copper  sheath- 
ig,  if  he  had  a  depositing  vat  large  enough  to  contain  it. 

MetaUization  of  Ceramic  Wares, 

For  ceramic  wares,  other  proceases  are  employed*  which 
ive  more  rapid  results. 

After  having  varnished  the  portions  of  the  piece  to  be 
ippercd,  tlicy  are  covered  with  very  finely  hiniin;ited 
iheet  lead,  which  readily  adapts  itself  to  the  contours  of 
Ikhe  object ;  then  a  brass  conducting  wire  is  connected  with 
le  lead,  and  the  article  is  suspended  in  the  copper  hath, 
whcM'o  the  copper  is  immediately  deposited  upon  the  rae- 
tallic  parts.  By  similar  methods,  glass  flnsks  and  retorts, 
^tubes,  dishes,  and  other  culinary  vossels  of  glass,  stoneware, 
irthenware,  or  porcelain^  are  coated  with  a  continuous 
>ating  of  copper.  Unfortunately  it  is  found  that  owing 
|o  the  unequal  expansion  and  contraction  of  the  article 
imd  of  tlie  copper  deposit,  the  adherence  between  the  two 
Burfac€?s  is  soon  destroyed. 

Nevertheless,  the  decorative  arts  have  made  good  use 
>f  this  species  of  deposit,  and  we  have  crystal  vases  en- 
irely  covered  with  copper,  upon  which  have  lx}en  surces- 
ively  deposited  other  hiyers  of  gold  and  silver.  The 
[rhaser  may  then  penetrate  with  his  tool  to  different  depths, 
ind  uncover  one  after  the  other,  and  at  determined  places, 
irst  the  layer  of  silver,  next  that  of  copper,  and  at  last 
khe  crystal  itself.  The  vase  will  a|>pear  as  if  set  in  a  net- 
rork  of  various  colors.  A  goblet,  a  |>aper  weight,  and 
my  analogous  article  may,  of  mursc^  lie  treated  in  the 
le  manner. 

M*  Chablin,  a  skilful  electrician  and  artist,  ornaments 
jroelain,  ceramic,  and  crystal  wares  on  a  large  scale,  by 
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galvanoplastic  processes.  His  method  of  metallizati 
is  quite  different  from  those  described,  inasmuch  as  I 
simply  uses  as  a  conducting  metal  the  coating  of  piU 
which  is  applied  upon  porcelain  by  the  old  and  wdt 
known  processes.  The  fineness  of  the  details  can  scam4T 
be  surpassed,  and  the  durabihty  and  firnmess  of  tk 
deposit  are  remarkable.  Let  us  suppose  that  a  plaU^  ol 
porcelain  is  to  receive  in  its  centre  an  ornament  or  iai* 
tials  in  metals  and  in  relief:  the  device  in  leaf  gold  i^ 
first  attached  to  the  surface  with  the  pencil,  and  fixed  in 
the  usual  manner  by  heating  the  plate  in  a  muffle.  The 
metallic  fihn  thus  obtained  is  made  to  serve  as  the  basis 
of  a  galvanic  deposit.  It  is  connected  %vith  a  very  tWu 
conducting  wire,  and  the  whole  immersed  in  a  grdvan(>* 
plastic  liath  t>f  ropper,  silver,  or  gold,  where  the  dcpi^it 
takes  place  hi  the  same  manner  as  upon  an  onlinary 
metallic  or  metallized  surface,  and  the  adherence  U  ai 
perfect  as  that  of  the  film  of  gold  upon  the  porr- ' 
The  deposit  is  afterwards  polished,  chased,  or  ornainri.; 
on  the  lathe*  Nothing  can  exceed  the  beftuty  of  lii* 
species  of  ornamentation,  and  the  numerous  specimeDi 
seen  in  our  jewelry  stores  often  puzzle  the  beholder  to 
understand  Iiow  they  have  been  produced. 

MeiafUc  Pbwders. 

We  have  said  that  when  a  metal  is  immersed  in  thel 
of  sul[>hate  of  copper,  the  entire  surface  is  immediate 
covered — in  the  case  of  a  surface  metallized  with  ph 
bago ;  on  the  other  hand,  the  dejiosit  starts  from  the  |>oiiJ 
of  contact  of  the  conducting  wire,  and  mdiates  from  th€ 
slowly  in  all  directions.     It  foUows,  therefore,  that  wl 
the  metal  is  an  excellent  conductor  of  electricity,  plu 
bago  is  relatively  a  poor  one. 

It  has,  therefore,  been  attempted  to  replace  plimdw 
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ly  metals  in  the  state  of  e\ceedinf^ly  fiue  powders ;  and 
ironze  powders,  sliell-goldj  sOver  reduced  by  copfjer  or 
lydrogen,  antimony,  and  bismuth,  in  impalpable  powder, 
kave  been  successively  tried  without  good  residts,  either 
torn  a  want  of  adherence,  or  from  the  solvent  action  upon 
hem  of  the  copper  bath.  Some  operators,  however,  c^on- 
nue  to  use  a  mixture  of  bronze  powder  and  plumbago, 
nd  claim  to  be  satisfied  with  it ;  but  lloselenr  prefers 
le  gilt  or  silvered  plumbago,  prepared  in  the  manner 
ready  described.  These  are  doubtless  excellently  adapted 
r  galvanoplastic  work  on  the  small  scale,  but  for  large 
operations,  and  for  electrotyping,  will  be  altogether  too 
pensive.  (See  our  remarks  on  the  processes  of  Knight 
d  Adams). 


MeialUzaHon  by  the  Wet  Way, 

Although  the  results  obtained  by  the  mechanical  appli- 

tion  of  various  metals  in  impalpable  powder  are  not 

mtirely  satisfactory,  sucli  is  not  the  case  with  the  nietalli- 

tion  produced  by  the  reduction^  upon  the  object  itself, 

if  certain  metallic  salts.      Silver,  gold,  and   platinum, 

hns  reduced  from  their  solutions,  have  an  excellent  cou- 

iicting  power,  for  the  reasons,  probably,  that  they  are 

ot  acted  upon  chemically  by  the  bath,  and  because  they 

>rm  a  layfer  more  nearly  continuous. 

Silver  is  generally  prefen-ed,  and  for  this  purpose  a 

lution  of  the  nitrate  is  made,  and  this  solution  is  applied 

ith  a  pencil  upon  the  object   to  be  operated  on,  and 

allowed  to  dry,  and  the  u|ieration  repeated   two  or  three 

I^imes.  Lastly,  th**  object  is  exposed  to  the  action  of 
bmlight,  or  of  a  current  of  hydrogen,  A  convenient 
plan  is  to  subject  it,  in  a  hermetically-sealed  box.  to  the 
vapors  of  a  concentrated  solution  of  phosj)horus  in  bisul- 
.phide  of  carbon  contained  in  u  porcelain  evaporating  dish. 
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After  a  few  hours  this  solution  wll  have  complrtrfy 
evaponited,  and  will  be  found  to  have  reduced  to  tic 
metallic  state  the  nitrate  of  silver  covering  the  c»bjttt 
whirh  has  beeome  entirely  black,  and  is  ready  lor  tif 
galvanoplastic  bath. 

To  metallize  womi,  porcelain,  and  other  resisting  jsub- 
tances,  Roseleur  recommends  the  following  proceduR, 
viz:  Dissolve  1  part  of  nitrate  of  silver  in  20  part^^ot 
distilled  water.  With  fatty  or  resinous  niaterialH  '  ^ 
are  water  repellent,  we  employ  aqiui  amniunia,  whi  .. 
solves  the  nitrate  of  silver  in  all  proportions,  IjLstiy, 
with  very  delicate  articles,  which  will  not  bear  a  long 
manipulation,  alcohol,  which  evaporates  rapidly,  is  vm> 
ployed  as  the  solvent.  Concentrated  alcohol  dis?^ilve§ 
nitrate  of  silver  but  slightly  ;  nevertheless,  enough  \iill  k 
dissolved  for  metallizing  flowers,  leaves,  mosses,  lichens 
etc.,  especially  if  the  solution  is  assisted  by  tritumtion 
in  a  ji]flass  or  porcelain  mortar. 

We  have  recourse  cxlso  to  metallization  by  silver  (ifr 
duced  by  phosphorus  in  bisulphide  of  carbon)  of  tht>!« 
deeply  indented  parts  of  certain  moulds  which  cannot  be 
reached  by  even  the  slenderest  pencil  charged  with  phim* 
bago.  In  this  case,  tlie  mould  is  plunged  entirely  into 
the  solution  of  nitrate  of  silver,  then  allowed  to  dry, 
and  lastly  exposed  to  the  phosphorus  fumes  in  the  maimer 
indicated. 

This  process  of  metallization  is  so  perfect,  tliat  a  ^ilk 
cocoon  thus  prepared  nuiy  be  unspun,  and  the  resulting 
fibre  will  possess  a  conducting  power  sufficient  to  iminedi* 
ately  deflect  the  needle  of  a  galvanometer,  when  it  is  wd 
as  a  conductor  between  the  instrument  and  the  battery. 

Eo^eleur   makes  allusions   to   laces  and  mous^^r^-^  -^ 
which  were  coppered,  gilded,  and  silvered,  and 
had  scarcely,  or  not  at  all,  lost  their  primitive  softness 
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even  possible  to  buriiisli  certain  parts,  and  thus 
Dcluee  contrast  of  dead  and  bright  bistres. 
It  is  important  to  remark  that  if  we  fix  the  condncting 
re  to  the  mould  before  metallization,  the  wire  must  be 
'gold,  silver,  or  platinum,  since  tlie  other  m«"tals  rapidly 
compose  the  solution  of  nitrate  of  silver.  On  the  other 
ind,  brass  or  copper  wires  may  be  employed  when  the 
Btallization  is  completed,  that  is  to  say,  after  the  reduc- 
m  by  phosphorus  Ints  been  effected. 
The  solution  of  phosphorus  in  bisulphide  of  carbon  is 
epared  as  follows:  Half  fill  witli  this  liquid  a  wide- 
Eiuthed  flask  with  a  tightly  fitting  ground  ghiss  stopper, 
en  gradually  introduce  the  phosphorus,  gently  dried 
ith  blotting  paper,  and  shake  the  bottle  now  and  then 
ttU  no  more  dissolves.  The  preparation  of  this  solution 
quires  the  exercise  of  great  care,  because  in  drying 
mn  combustible  materials  it  takes  fire  spontaneously, 
piece  of  paper  or  of  cloth  moistened  with  it,  takes  fire 
ter  h  few  moments'  exposure  to  the  air. 
It  is  not  impossible  to  obtain  galvanoplastic  deposits, 
ithout  previous  metallization,  upon  a  non-conducting 
bstance,  of  which  Roseleur  gives  the  following  instruc- 
re  illustration:  If  we  bind  a  cameo  of  agate  with  a 
pper  wire,  and  hang  it  in  the  bath,  the  wire  alone  will 
peive  the  deposit,  and  its  volume  will  increase  in  every 
rection.  If,  now,  we  cover  with  an  insulating  varnish 
B  exterior  of  tlie  deposit,  repeating  the  operation  as  it 
Dws,  it  will  continue  to  increase  only  on  the  perii>hery, 
id  by  and  by  it  will  cover  the  whole  of  the  cameo,  Aj>er 
R>aration,  the  reproduction  will  be  all  the  more  perfect 
)m  the  fact  that  no  foreign  substance  has  been  in t er- 
ased. It  is  from  a  similar  expansion  of  the  deposit  that 
.oii-metallized  parts  of  moulds  often  become  coated. 
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I9  cmics  where  tbe  onginal  ol^ecfs  ue  used  as  patterns 
or  moolds,  ei«i  where  dier  luiire  Hat  or  not-undercut 
MgffiujBs,  and  with  eopies  of  nwdab  or  bas^relieB  of  plas* 
tcr,  bronze,  wax*  etc*,  tbeie  is  a  risk  of  damagiog  them  i 
if  we  effeet  the  galnuiopiasiic  depoat  directly  upon  them«fl 
Moreorer.  we  thus  obl^n  a  reTersed  copy  of  the  object  in 
which  the  reliefs  are  sunken,  and  rice  rersa,  and.  in  order 
to  reproduce  a  fac-dmilef  we  are  obliged  to  make  a  seconc 
depodt  opon  the  first,  which  is  double  work, 

Tbefie  considerations  have  nattirally  induced  gah^nc 
pla<«ktic  operators  to  begin  by  taking  a  mould  from  the 
pattern  or  object  itself,  with  the  aid  of  some  plastic  or  fusi-j 
ble  material,  and  to  submit  this  mould  to  the  subsequent 
operations.      If  from  a  bronze  metal  in  relief,  we  have 
taken  a  cart  in  plaster  of  Paris,  this  casting  will   he  a 
hollow  mould,  which   being  filled   afterwards  with  thej 
copjKT  dciK>sit,  will  exactly  reproduce  the  relief  of  the] 
origiDdl  medal*     In  this  opemtion  we  run  no  risk  of  dani« 
aging  a  rare  and  valuable  object,  and  have  the  advantage] 
of  Inring  able   to  reproduce  it  many  times  and  with    the 
mime   accuracy,  since  we    can    make   as   many  casts  orj 
motikl!<  from  the  original  as  may  be  desired. 

There  are  many  subfstances  vvliich  may  be  employee 
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for  making  moulds,  but  all  are  not  equally  well  adapted, 
and  it  is  important  to  know  how  to  apply  them  in  the 
manner  best  adapted  to  each  special  case. 

Moulding  with  Plaster  of  Paris. 

Plaster  of  Paris  stands  first,  not  in  the  order  of  merit, 
hut  as  having  been  the  earliest  to  be  employed  for  this 
purpose.  It  is  convenient  for  taking  casts  irom  plaster  of 
Paris  itself,  from  stucco,  marble,  alabaster,  metals,  and 
wood.  The  mode  of  procedure  is  as  follows :  Given,  a 
plaster  medal  in  relief,  from  which  we  desire  to  obtain  a 
hollow  mould  which  will  furnish  the  true  relief  of  the 
original  in  copper.  After  the  original  has  been  thoroughly 
soaped  or  black-leaded,  wrap  around  the  rim  a  piece  of 
sufficiently  stout  paper,  or  of  thin  lead  foil,  and  attach  it 
in  such  a  manner  that  the  face  of  the  medal  to  be  copied 
is  at  the  bottom  of  the  receptacle  thus  formed.  It  is  de- 
sirable to  sink  this  box  to  a  certain  depth  in  a  layer  of 
fine  sand,  which  prevents .  the  esciipc  of  the  semi-fluid 
plaster  of  Paris  between  the  rim  of  the  medal  and  the 
paper.  Then  in  a  vessel  filled  with  a  sufficient  quantity 
of  water,  sprinkle  fine  plaster  of  Paris  until  the  last  por- 
tions reach  the  level  of  the  water.  Alter  waiting  for  one 
or  two  minutes,  the  mass  is  stirred,  and  the  resulting  thin 
paste  must  be  employed  immediately.  Take  up  a  small 
quantity  of  this  paste  with  a  pencil  or  brush  and  spread 
it  in  a  thin  film  carefully  and  smoothly  over  the  face  of 
the  medal,  then  pour  on  the  remainder  of  the  paste  up  to 
a  proper  height,  and  allow  it  to  set.  After  a  lew  minutes 
the  plaster  heats  and  solidifies.  Then  remove  the  sur- 
rounding paper,  scrape  off  with  a  knite  what  has  run  be- 
tween the  paper  and  the  rim  of  the  medal,  and  carefully 
separate  the  plaster  cast  from  the  model. 

If,  instead  of  applying  the  first  layer  with  a  brush,  tlie 
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whole  of  the  plaster  were  nin  at  once  into  tlie  rerrsN  t 
would  be  gi*eat  risk  of  imprisoning  bubbles  of  air  bet\v(tr.  j 
the  model  and  the  mould,  which  would  consequentlTb* 
wortlilesR. 

We  have  seen  that  moidds  of  plaster  of  Paris  riinBot  j 
be  introduced  into  the  bath  of  sulphate  of  copper  witlutuE 
having  been  previously  rendered  impervious,     l*hi^(iii-| 
culty  prevents  the  more  frequent  use  of  this  sulistauce  fc^r  [ 
moulding,  and  galvanoplastic  operators,  for  this  reasoD, 
give  tlie  preference  to  other  materials  which  are  un  f^  ^^ 
by  the  bath,  and  which  it  is  sufRrLent  to  mctallizt  .. 
are  non-conducting;  such  are  stearinc,  wax,  fn8ible-rfji't»l  | 
marine^glne,  and,  especially,  gelatine  and  gutta-percha, 

MonJding  with  Steai'hie^  TToa*,  and  Marine  Ghu. 

Stearine  is  api)lieii  in  the  same  manner  as  plaster  of 
Paris,  with  this  difference,  that  the  former  is  meltetl  witk 
the  aid  of  heat,  and  poured  upon  the  model  when  iti>  i 
about  to  congeah     When  stearine  is  too  nevvortln\i* 
cry8talli7.es  in  cooling,  and  this  impairs  the  beaut)'  o(  ^ 
cast.     In  such  case  it  slioidd  be  mixed  with  a  few  dwp 
of  olive  oil,  or  with  tallow.     On  the  other  hand,  \!ii^% 
too  flit,  it  remains  soft  and  is  difficidt  to  separate  fit»ffl 
the  monkL     It  should  then  be  mixed  with   beeswai'* 
spermaceti. 

As  stearine  contracts  considerably  in  cooling,  its  *  j 
ployment  should  be  avoidefl  when  the  copies  froro  th 
model  are  required  to  be  mathematic-ally  accurate  t^^ 
ductions  of  the  original. 

When  we  desire  to   make  a  cast  with  stearine  of » 
plaster  model,  it  should  be  thoroughly  satumted  ^ 
water  or  stearine  beforeliand,  as  explained  in  our  Am^T  1 
tion  of  galvanoplastic  deposits  upon  plaster.    It  shtnildab 
be  thoroughly  coated  with  plumbago  bernn^  ibo  nirltM 
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substance  is  poured  upon  it,  otherwise  the  two  stearine 
surfaces  will  stick  together,  and  it  will  not  be  possible  to 
separate  the  cast  from  the  model. 

Wax  is  also  employed  in  the  same  manner,  but  its 
price  and  want  of  hardness  considerably  interfere  with 
its  application. 

Marine  glue  may  be  used  in  the  melted  state,  like 
wax  ;  or,  after  having  been  softened  in  hot  water,  may  be 
impressed  upon  the  object  and  allowed  to  harden.  This 
material  is  now  seldom  used. 

Moulding  with  Fusible- Metal. 

This  metal,  also  known  under  the  name  of  Darcet's 
alloy,  is  a  good  conductor  of  electricity,  and  therefore 
well  adapted  to  the  production  of  homogeneous  deposits 
of  uniform  thickness.  Nevertheless,  it  is  seldom  employed 
on  account  of  its  crystalline  texture,  and  the  difficulty  of 
avoiding  the  presence  of  air  bubbles. 

Several  formulix?  for  this  alloy  are  given  herewith : — 

I.  Lead '2  parts. 

Tin -2     " 

Bismuth 5     " 

Fusible  at  212°  Fah. 

II.  Lead o  parts. 

Tin 3     " 

Bismuth 8     «* 

Fusible  from  17G°  to  194"  Fah. 

III.  Lead 2  parts. 

Tin 3     »* 

Bismuth o     " 

Mercury 1  part. 

Fusible  at  158"^  Fah. 

IV.  Lead o  parts* 

Tin 3     " 

Bismuth 5     << 

Mercury 2     ^* 

Fusible  at  127.5°  Fah. 
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For  the  alloys  without  mercury,  the  component  metals 
may  be  melted  toj^ether;  on  the  contrary,  when  mercury 
is  employed,  the  other  metals  of  the  alloy  shoxUd  be  fused 
together,  and  the  mercury  added  at  the  moment  of  re* 
them  from  the  fire.  In  order  to  insure  a  thor* 
niixtme,  tlie  alloy  sliould  be  stirretl  with  an  iron 
rod,  or  remelted  and  cast  several  times. 

There  are  several  methods  of  employing  the  fnsibk 
metal:  Some  run  the  metal  into  a  small  dish,  remove  the 
oxide  with  a  card,  and  then  apply  the  model,  and  give  it^' 
a  few  taps  just  as  it  is  on  the  point  of  setting;  others  plac< 
ttie  model  in  the  dish,  and  pour  the  clean  alloy  upon  i 
Roseleur  finds  the  following  method  to  be  the  most  satl 
factory:  Place  the  medal  at  the  bottom  of  a  small  box  ol 
iron  or  copper,  antl  bury  it  to  about  lialf  its  tliickness  in 
plaster  of  Paris ;  then,  covering  the  medal  with  the  col 
fusible  alloy,  apply  heat  until  it  is  melted,  when  it  is  allow^ed 
to  cool  oC  It  is  easy  to  separate  the  medal  from  the  fusible 
alloy,  since  the  portion  protected  by  the  plaster  of  Paris 
may  then  be  grasped. 

A  well-made  cast  of  fusible  alloy  is  the  best  mould  fo: 
galvanoplastic  operations  with  silver  and  gold 

It  must  not  1)0  forgotten  that 
mercury  should  not  be  used  for  tnking  casts  of  metallic 
medals  (iron  excepted),  as  these  will  amalgamate  w*ith  the 
mercury,  and  be  injured.  Moreover,  cf>pper  deposits! 
olitained  upon  such  alloys  are  very  brittle,  an  evidence 
of  the  coml)ination  of  the  mercury  with  the  deposited 
c-opper. 

Sidpbnr,  which  melts  at  a  temperature  of  about  230*^ 
Fah.,  yields  very  neat  and  sharp  easts,  and  w^ould  prove 
very  useful  were  it  not   tliat  it  is  almost  impossible    tc 
metallize  it,  and  that  it  transforms  the  deposit  of  copper' 
into  sulphide. 


\ 


fusible  alloys  containing 
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MonkUng  with  Oelatine, 

The  different  substances  above  indicated  arc  employed 
for  moulding  those  objects,  the  surfaces  of  which  present 
no  carves,  sinuosities,  or  undercut  parts,  which  would 
prevent  the  separation  of  the  original  from  the  mould. 

Under  certain  circumstances  the  elasticity  of  gelatine 
and  giitta  percha  allows  of  the  possibility  of  their  re- 
moval from  such  curved,  sinuous,  or  undercut  parts  of  the 
modcU  when  they  reassume  the  shape  and  position  they 
had  before  removal  therefrom. 

This  valuable  property  is  found  in  gelatine  to  a  higlier 
degree  than  in  gutta  percba,  but  this  material  requires 
that  the  deposit  shall  be  made  rapidly^  otlicrwise  it  will 
swell,  and  be  partly  dissolved  by  too  long  an  immersion 
in  the  solution  of  sulphate  of  copper.  Without  this  in- 
convenience, which  is  most  serious,  no  other  moulding 
material  would  be  more  convenient  for  galvanoplastic 
operations. 

To  make  good  gelatine  motilds^  proceed  as  follows; 
Place  a  sufficietit  quantity  of  sheets  of  white  gelatine  (cab- 
inet-maker's glue)  in  coUl  water,  and  let  the  substance 
I  swell  there  for  about  24  hours;  then  drain  off  the  water^ 
and  heat  the  swollen  mass  in  an  ordinary  glue  pot  until 
it  has  become  of  a  syrupy  consistency,  when  it  is  rtmdy  to 
be  poured  upon  the  object,  which  has  been  encased  for 
the  purpose  in  a  box  of  pasteboard  or  of  sheet  lead. 
After  cooling  for  about  12  hours,  the  gelatine  cast  is 
separated  from  the  object. 

Many  attempts  have  been  made  to  render  the  gelatine 
impervious;  or,  at  least,  to  enable  it  to  bear,  without 
alteration,  a  longer  immersion.  The  several  receipts  here 
appended  arc  among  the  best  for  the  purjiose  ;-^ 

1>  Dissolve  20  parts  of  the  best  gelatine  in  100  parts  of 
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hot  water,  and  add  |  part  of  tannic  acid  (tannin),  and  the 
same  quantity  of  rock  candy ;  then  mix  the  whole  tho^ 
oughly,  and  ponr  it  upon  the  model  in  its  case.     After  a 
few  hours  the  gelatine  forms  a  kind  of  semi-trair-' 
leather,  whirli  may  be  easily  separated  from  ohjc^.    . 
high  relief,  of  which  it  is  an  exact  counterpart, 

2.  A  moidd  having  been  made  with  gelatine  alonCt  an 
aqueous  solution  of  10  per  cent  of  bichromate  of  pta** 
sinm  is  poured  upon  it,  and,  after  draining,  the  mould  ts 
exposed  to  the  action  of  tlie  sun. 

3.  Beat  into  a  quart  of  distilled  water  the  whites  of 
two  eggs,  filter,  and  cover  with  this  liquid  the  entire  mv* 
face  of  the  gelatine  mould.  After  drying,  o|ierate  willi 
the  solution  of  bichromate  of  potassium,  as  in  No.  t 
The  solar  action  renders  the  coating  impreiniated  with 
bichromate  insoluble. 

4.  Cover  the  gelntine  mould  with  varnish  of  some  kini 
drain  carefully,  and  let  it  dry.  The  best  vaniish  for  the 
purpose  is  a  solution  of  caoutchouc  in  l>enzole,  or,  still 
better,  in  bisulphide  of  carbon. 

The  mould  finally  must  be  raetallized,  and,  when  in  the 
bath,  submitted  to  a  strong  galvanic  current  at  the  begin* 
ning.  When  the  entire  surface  is  covered  with  the  cop 
per  deposit,  and  when  swelling  is  no  longer  tn  be  fpaml. 
a  weaker  cmient  may  be  used. 


Moulilmg  tclih  Gntia  Percha. 

Gutta  percha,  the  discovery  of  which  was  nearly  con* 
temporaneous  with  that  of  Jacobi,  is  a  species  of  guiti, 
being  the  coagulated  sap  ol'  a  pecidiar  plant.  It  is  entiidf 
insoluble  in  water,  in  weak  acids,  and  the  copper  bath. 
It  possesses  the  ]>cruliar  property  of  softening  under  the 
influence  of  heat,  to  the  point  of  becoming  nearly  fluitJ* 
and  of  re-acquiring,  on  cooling,  its  hardness  and  previous 
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properties,  and  this  quite  an  indefinite  number  of  times. 
From  its  tenacity  and  flexibility  it  derives  the  name  of 
megetahle  leather.  It  is  much  less  elastic  than  gelatine, 
and  there  is  more  difficulty  in  separating  it  from  objects 
finished  in  high  relief;  nevertheless,  with  a  little  practice, 
iresult^  truly  surprising  may  be  attained. 

The  following  is  the  method  of  operating  with  this  sub- 
»tanee:  Aft^r  its  purification,  by  softening  and  kneading 
in  boiling  water,  in  order  to  separate  the  dirt,  sticks,  and 
other  impurities  it  contains  in  tlie  crude  stale,  it  is  formed 
into  sheets  and  lumps  of  various  thicknesses  and  sizes. 
A  quantity  sufficient  for  the  intended  mould  is  cut  from 
these  plates  or  lumps  with  a  hot  knife,  or,  what  is  l)etter, 
with  a  shoemakcTV  knife,  and  put  in  cold  w^ater,  which  is 
gradually  heated.  The  gutta  percha  is  now  and  then 
moved  about,  until  it  is  soft  enough  to  be  kneaded  with 
the  fingers  like  dough,  It  is  then  ready  to  be  used  in 
one  of  the  following  modes : — 

After  having  stretelied  the  gutta  percha  in  every  direc- 
tion, the  edges  are  turned  in  so  as  to  form  a  hollow  hemi- 
sphere, the  convex  and  smootli  surllicc  of  which  is  applied 
upon  the  middle  of  the  object.  Then,  with  a  vertical 
pressure  of  tlic  palm  of  the  hand,  tlie  gutta  percha  is 
Rpread  over  the  surface  and  farced  to  penetate  into  all  the 
.details  of  the  object.  Tlie  kneading  is  continued  as  long 
as  the  material  remaius  sufficiently  soft,  when  it  is  allowed 
to  cool.  When  nearly  cold,  the  guttapercha  is  separated 
from  the  model,  aiul  dipped  into  cold  water,  when  it 
hardens,  and  may  then  be  handled  with  impunity. 

This  method  is  very  imperfect  in  operation  and  in  re- 
sults, and  its  smallest  inconvenience  is  that  the  casts  are 
seldom  free  from  cavities  due  to  air  bubbles  or  drops  of 
water*  It  is  only  practised  by  amateurs  who  do  not 
Q^oesess  the  utensils  necessary  for  the  three  methods,  about 
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to  be  described,  i.  e.,  moulding  with  the  press ;  mouUliiig 
in  the  stove,  or  by  sioking;  and  moulding  by  hand,  or  by 
kneadin*]f. 

Moulding  iritli  (he  Press. — The  object  to  be  moulded, 
carefully  coated  with  plumbago  or  tallow,  is  placed  square 
and  firm  upon  the  bed,  and  surrounded  with  a  riDgt^*^ 
frame  of  iron,  wliich  should  be  slightly  higher  than  tli<^ 
most   elevated   parts    of  the    object,     A  piece   of  gntt^^ 
percha,  of  a  thickness  at  least  double  that  of  the  patteri*^' 
is  cut  so  as  to  accurately  fit  into  the  ring  or  frame  of  iro^' 
and  is  then  heated,  on  one  of  its  faces  only,  before  a  brigt*' 
fire. 

To  prevent  the  gutta  percha  from  running,  it  is  no\^ 
and  then  turned  about.  When  about  two-thirds  of  it.*^ 
thickness  have  been  softened,  it  is  placed,  soft  portio; 
downwards,  in  the  iron  ring  or  frame,  followed  by  a 
tightly  titting  metal  block  or  follower.  The  screw  of 
the  press  is  now  made  to  act,  at  first  slowly,  and  then 
more  strongly,  as  the  gutta  peirha  becomes  harder  and 
more  resisting.  Percussion  presses  are  very  good.  The 
gutta  percha  being  imprisoned  between  the  pattern  and 
the  metallic  follower  as  in  a  pair  of  dies,  is  forced  to 
penetrate  the  most  intricate  and  delicate  parts  of  the 
object. 

MonhUng  tcith  a  Count er*moid(L — ^It  will  be  obvious 
that  when  tlie  gutta  percha  is  compressed  between  a  highlv 
wrought  pattern  and  a  flat  metallic  follower,  its  tliickness 
at  diftbrent  places  is  very  variable.  This  is  very  objection- 
able, because  these  various  thicknesses  do  not  set  \nth 
the  same  rapidity  which  often  prevents  a  good  mould 
from  beiuL!:  obtained.  To  counteract  this  difficultv  many 
iutelHgent  operators  use  a  eounter-mould^  which  they  pre^ 
pare  in  the  following  manner:  After  having  cast  in 
sand  a  thick  block  of  lead,  they  hollow  out  approximately 
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ith  a  graver  the  places  corresponding  to  the  reliefs  of 

e   pattem,  and   conversely,  observing  carefidly  at  the 

me  time  the  desired  thickness  of  the  gutta  perch  a.     By 

using  the  lead  as  a  follower  it  is  possible  to  obtain  a 

Jwould  of  gutta  percha  of  the  same  thickness  in  all  parts. 

^is  process  produces  excellent  results.     It  is  even  pos- 

ble  to  dispense  with  the  softening  of  the  gutta  percha, 

it  be  thin,  but  the  pattern  and  counter-mould  should 

*     lieated  up   to  about  212"^'   Fall.     There  is,  however, 

^rijger  of  overheathig,  in  which  case  the  gutta  percha 

ill  adhere  to  one  or  other  of  the  surfaces, 

^iouMimj  in  fhe  S(ove,  or  bt/  Shikmg, — Moulding  with 
^^  press,  just  described,  is  confined  to  those  objects 
hich  are  comparatively  flat,  and  which  will  bear  pressure, 
'^^r-eover,  it  requires  the  employment  of  a  costly  screw 

The  method  of  moulding  about  to  he  described  does 
t:  require  a  press,  and  is  convenient  for  many  brittle 
tioles  of  plaster  of  Paris,  marble,  alabaster,  and  other 
^^logous  substances.  The  pattern  is  placed  upon  a  dish 
i^ron  or  earthenware,  or  simply  upon  a  piece  of  sheet- 
^'Ti  ^  the  edges  of  which  have  been  turned  up.  Then  a 
>^\X  of  gutta  pcrclia  is  placed  in  tlie  middle  of  the  object 

1^  \>e  moulded,  and  the  whole  is  placed  in  a  stove,  where 
^^  temperature  is  sufficient  to  melt,  hut  not  high  enough 
^  hum  it.  Ovens  furnished  with  a  scries  of  shelves, 
-specially  those  of  glazed  earthenware,  are  very  good  for 
thU  purpose.  Large  operators  employ  special  arched 
ovens  with  the  fireplace  at  the  bottom,  and  all  of  the 
space  is  traversed  by  iron  bars  for  the  supi)ort  of  the  iron 
tr^ys  which  hold  the  pattern  and  the  gutta  percha.  In 
.  this  manner,  it  is  easy  to  watcli  the  operation  and  avoid 
ptoo  much  heat.  The  gutta  percha  gradually  softens,  and 
penetrates  all  the  details  of  the  pattern ;    when  it  has 
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Slink  completely,  it  is  removed  from  the  ^ove^  and  tri«i| 
sufficiently  cooled  is  separated  from  the  pattern,  ftl 
spherical  or  globular  shape  is  given  to  the  gutta  peni*| 
in  order  that  it  may  expel,  as  it  8iuks.  the  airwtiiil 
otherwise  would  become  imprisoned  lietween  it  and  jkj 
surface  of  the  pattern. 

Moulding  hy  Hand  or  hi/  Kiteading. — ^The  fore^iuEp^l 
cess  is  unsuited  for  preimring  moulds  froirl  objects  that  «il 
not   bear  tlie  heat  of  tlu^  stove,  though  they  will  ^-upiH^fl 
the  contact  of  softened  gutta  percha,  in  which  category  w 
may  class  sulphur,  wood,  statuary,  pasteboards  etc.    ^^'4 
these  materials  the  gutta  percha  should  l)e  slowly  bcft*'' 
in  one  of  the  above-described  stoves,  or  otherwise  imtil  i 
becomes  a  semi-fluid  paste,  of  which  a  sufficient  (luanlitj 
is  turned  out  upon  the  |mttern   previously  placx'd  iii  ^ 
iron  frame  or  ring.     After  waiting  a   few  miniiles  tk 
plastic  material  is  kneaded  w^ith  moistened,  or,  ^vhat  i< 
prelerable,  with  oiled  fingers,  to  make  it  penetrati?  into 
all  of  the  details  of  the  pattern,  and  until  it  yields  to  pi^l 
sure  witli  difficulty.     This  last  process  is  employed  by  ^ 
majority  of  amateurs,  and  by  many  professional  workc^j 
and  is  decidedly  preferable  to  the  employment  of  gn^J 
perclia  softened  in  boiling  waiter. 

AVhatcver  the  method  followed,  certain  precautions tirt 
necessary  to  be  observed  for  separating  the  mould  fniH 
the  pattern.  First,  we  should  cut  off  with  a  shoemakerTJ 
knife  all  the  useless  parts  of  the  gutta  percha,  and  < 
cially  those  which  may  have  passed  under  the  pattern,* 
which  consequently  bind  it.  Then  the  proper  positijj 
and  shape  of  the  covered  pattern  must  be  ascertaina 
beciiuse  when  it  is  undercut,  either  the  pattern,  if  brittl 
will  be  broken,  or  the  gutta  percha  will  be  torn,  i 
remove  it  in  the  w  ron«:  direction* 


HOrLBTNG  WTTH   GVTTA   PERCH  A. 


In  moulding  with  the  press,  gutta  pprcha  without  mix- 
ire,  but  of  the  best  quality,  is  generally  employed. 

For  the  other   metliods   of  nioiildhig   l»y  sinking   or 
Lneading,  the  giitta  percha  is  nearly  always  mixed  with 
?rtain  substances  which  increase  its  fusibility,  such  as  lin- 
seed oil,  lard,  tallow,  and  beeswax.     The  proportions  of 
such   mixtures   may  vary  ad    lufiuititm^  although    they 
should  never  exceed  one-third  of  the  total  weiglit.     A 
Kiixtiue  with  linseed  oil,  for  exannile,  is  made  l*y  tieating 
in  a  kettle  of  iron,  copper,  or  stoneware,  1  part  of  linseed 
oil,  and  when  its  temperature  has  reached  about  175°  or 
212"^  Fah.,  adding  gradually  (and  stirring  with  a  w^ooden 
rod)  2  parts  of  guttu  perclia  cut  into  small  pieces.     When 
^he  whole  is  in  a  pasty  state,  and  begins  to  swell  up  and 
give  out  jets  of  dense  vapors,  the  kettle  is  removed  from 
the    fire,  and  its  contents  emptied,  with  the  aid  of  the 
'^^ooden  rod,  into  a  large  body  of  cold  water,  where,  with- 
^^t    loss  of  time,  the  paste  is    thoroughly  kneaded  and 
'^^I'otched.     Wilde  still  hot  it  is  placed  upon  a  slab  of 
'*^firble,  or  polished  stone,  and  formed  into  lumps,  plates, 
^'^^-^  which  may  afterwards  be  laminated  between  warm 

Crutta  percha  may  be  used  for  an  indefinite  length  of 

|t\me.     The  old,  u|>  to  a  certain  point,  is  preferred  for 

*^^^^tain  casts,  especially  those  of  copper-plate  engravings, 

^^tice  the  impressions  are  finer  and  more  deheate.    After  a 

S^eat   deal  of  use,  nevertheless,  gutta    perclia   becomes 

dty,  hard,  and  brittle,  atul  envelops  too  mucli  plumbago* 

An  addition  of  fresh  gutta  percha  restores  its  previous 

qualities. 

Although  it  would  seem,  ti  priori  that  gutta  percha,  on 
account  of  tlie  heat  necessary  for  its  employment,  is  not 
very  well  adapted  to  the  moulding  of  animal  or  vegetable 
liubstances,  nevertheless  masterpieces  in  this  line,  such  as 
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gpeiy  ddicftte  ioaecto  mod  Imves,  are  veprodiioed  in 

or  Other  delicate  objeetA,  nettfe  lemres  have  been 
produced  m  peHeetly  that  all  the  hain  cm  lliesr 
were  to  he  seen.     The  operatiim  was  conducted  as  foUow^ 
One  of  the  sides  of  a  5iesh  leaf  was  torered  br  means 
a  brush  with  a  thin  paste  of  ptaslcr  of  Psiis^  and« 
the  drying  of  this  first  coating,  olher  Uijrei^  were  appli 
until  a  resisting  block  had  been  obtained  with  the  letl 
uppermost     The  free  siide  was  then  covered  with  s^e^erJLl 
coatings  (alnup  with  a  bru«h  or  pencil)  of  gutta  i^errh^^ 
dissolved   in   bisulphide  of  carbon^  and   lastly   with  th^ 
melted  gutta.     The  mould  was  temored  from  the  leaP* 
metallizetl,  and  immersed  in  the  galvanoplastie  hath. 

Impressions  have  also  been  taken  with  India  rubbear 
(caoutchouc),  and  very  fine  specimens  of  such  moulds  ha^<^ 
been  made.    Roseleur  expresses  suqiri^  that  this  materia-*- 
is  not  employed  more  extensively,  since,  for  certain  wort^ 
its  elasticity  renders  it  much  superior  to  gutta  percha. 


CIIAl^ER  LIX. 


ELECT  ROT  YPING. 


As  electrotj  ping  was  one  of  the  earliest  outgrowths  af 
the  galvanoplastic  art,  and  is  at  once  one  of  the  most  \^- 
uable  and  important  ol  its  branches,  a  somewhat  detailed 
arrount  of  the  process  is  herewith  given  for  the  use  of 
those  who  may  desire  to  be  inlbrmcd  on  the  subject.  We 
have  already  defined  it  to  be  tlie  art  of  reproducing  and 
aupHcating  printing  surfaces,  engravings  or  letter-press  in 
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copper,  by  means  of  the  galvanic  current.  The  resulting 
electro-deposited  metal  is  removed  from  the  surface  on 
wlxich  it  is  deposited,  and  is  suitably  prepared  for  use  in 
the  printing  press. 

The  art  of  electrotyping,  which  has  grown  to  the  pro- 
portions of  a  great  industry,  indispensable  to  the  printer 
and  publisher,  is  by  no  means  a  simple  one ;  on  the  con- 
trary, many  operators  are  required  to  produce  a  finished 
electrotype  block   ready  for   the  printing-press,  and  the 
successful  practice  of  electrotyping  demands,   not   only 
manual  dexterity,  which  can  be  acquired  only  by  practice, 
but  also  careful  attention  to  the  various  steps  of  the  pro- 
cess, and  to  the  quality  of  the  materials  employed  therein. 
Arrangement  of  an  Electrotyping  Establishment. — For 
operating  on  the  large  scale  there  will  be  required  depos- 
^^rig  vats,  scouring  and  cleaning  apparatus,  batteries  or  a 
^yi^amo-electric  machine,  and  a  variety  of  machinery  and 
*Pl>aratu8  for  preparing  the  moulds  and  finishing   the 
**^^ll  of  copper  obtained  in  the  depositing  vat,  such  as 
^^Cihines  for  taking   the  moulds,  for  black-leading  the 
^^^^O.e,  a  furnace  for  melting  metal  used  for  "  backing  up" 
^«^   shell,  sawing,  planing,  and  shaving  machines  for  dress- 
^^S"    and  blocking  the  plates,  etc.  etc. 

TThe  best  location  for  the  depositing  vats  is  on  the  ground 

**^Oi:,  both  on  account  of  the  nature  of  the  work  to  be 

^^Tie,  and  the  great  weight  of  the  vats  and  their  contents. 

*"  ^e  depositing  room  should  be  provided,  preferably,  with 

^  dement  floor.     It  should  be  well  lighted,  drained,  and 

^^titilated,  and  provided  with  an  abundant  water-supply. 

^^e  construction  and  arrangement  of  the  depositing  vats 

'^^  be  the  same  as  those  described  in  other  portions  of 

ttlis  work.    Where  batteries  are  employed,  it  will  be  found 

^vantageous  to  place  them  in  separate  rooms.    When  the 
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dynaroo  machine  is  used  its  dispositioa  will  be  gowmei 
by  the  location  of  the  eogiue  and  schafVing,  but  it  shoM 
be  »  placed  as  to  be  convenientlT  accei^ible  to  the  plater. 
ne  Ptocem. — The  subject  to  be  dnpltcated  being,  fcr 
example,  a  page  of  type  properly  locked  up  in  a  fonn,tlic 
operatioii  is  as  fcdlovrs:  The  first  step  is  the  preparatttQ 
of  the  matrix  which  is  to  receive  the  impression  of  tlw 
page  to  be  copied.  For  this  purpose  there  is  prorided  i 
'^  ca^e/'  ttsually  a  rectangular  pan  of  bcass^  about  ooe 
fourth  of  an  inch  in  depth*  The»  eafies  are  of  vaiMMn 
sizes,  but  aTeiage  12 X  IS  indies,  and  are  furnished  with 
two  flanges  to  engaigt  with  clamps  on  the  moulding 
prrssL  One  of  these  is  placed  on  ihc  ca«e>filling  table 
i»ith  top  levelled  true,  and  the  moiilding  composition, 
usually  a  mixture  of  wax  and  resin  (or  of  wax  and  gtutf 
turpentine),  is  ladled,  from  a  pot  in  whtdi  it  is  kept 
metled^  into  the  case,  A  jarki'icd  mrlting*poc  heotetl  hf  ^ 
steam  to  avoid  the  risk  oC  burning  the  moulding  r^  ••.r.^ 
tion,  is  preferable,  Gntta  peirfaa*  spoken  of  by  K 
in  his  n^reiioe  to  this  subject^  is  vcfy  little  used  in  th^^ 
comitnr  far  taking  the  moiilds. 

Tbe  case  beiiig  dowhr  filkd  with  the  melted  compost 
tion,  and  any  air  babbles  appearing  on  the  snrftce 
temoved.  the  contents  is  allowed  to  set  or  harden,  when 
sliOQld  present  a  smooth  and  level  soiftce.  Thi$  sur&ce 
ia  thou  falack4eaded  to  ptvnnt  thestidLing  of  the  type  in 
mmMSng^  and  it  b  then  ready  to  mme  the  impRssian 
flf  the  type  to  be  copmL  PkeiioQs  to  ■Moldii^  the 
fbm  oT  type  ^loald  be  naaJied  off  with  lye  or  b^^iM^'^ 
if  it  he  Tery  diity^  or  witb  dean  water  if  mit  very  dirty. 
Fidt  this  ivmyoaew  a  nriifaer  pipe  coimcvted  with  the  wmt»^ 
aaipplT.  aiid  pKVfidMI  wiOi  a  rase  jet  is  nanaUy  onployied. 
After  drying*  the  face  of  the  fansk  ^  type  t$  also  thoro^hly 
hlaafe>h»iig4>  ^  yeyeal  the  aJhcrion  of  Ae  fanm  to  tl^ 
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of  giving  a  gradual  and  powerful  pressure.  The 
ceding  figure  (Fig.  148)  represenbi  a  form  of  mottUii| 
press  in  common  use,  and  known  as  the  ^-^  toggle"  pi 
It  consists  of  a  massive  fmme  having  a  planed  nio\i 
bed,  over  whicli  is  a  head  swung  on  pivots  and  count 
balanced  by  a  heavy  weight  as  shown,  so  that  it  can  U 
readily  thrown  up,  leaving  the  bed  exposed,  the  blact 
leaded  typ(^fonii  being  placed  on  the  bed ;  the  w  ell  lilact 
leaded  case  is  attached  by  clamps  to  the  movable  hrt4 
or  the  Ibrm  (also  black-leaded)  is  laid  face  down  on  thr 
case,  and  the  head  is  then  turned  dow^n,  and  held  in  plaff 
by  the  swinging  bar  (shown  turaed  back  in  the  cut).    All 

Fiir.   141). 


1!^^.- 


bein*^  ready,  the  toggle-pressme  is  put  on  bv  meani 
the  hand-wheel  and  screw,  the  result  being  to  raise  the  I 
of  the  press  with  an  enormous  pressure,  causing  the  fact. 
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of  the  type  form  to  impress  itself  into  the  exposed  wax 
surface. 

Figure  14!)  represents  a  form  of '*hydmuHc"  press, 
less  commonly  used  than  that  just  described.  It  is  pro- 
rided  with  projectnig  rails  and  a  sliding  plate,  on  which 
the  form  and  case  are  arranged  before  being  placed  in  the 
press.  The  pump,  which  is  worked  by  hand,  is  supported 
by  a  framework  on  the  cistern  below  the  cylinder,  and  is 
fumislied  with  a  graduated  adjustable  safety-valve  to  give 
any  desired  pressure. 

Building, — The  proper  depth  of  the  impression  to  be 
taken  can  only  be  determined  by  practice.  Supposing 
the  impression  to  have  been  successfully  taken,  the  mould 
is  passed  to  a  workman,  who  with  tt  wide,  thin-bladed  knife 
shaves  off  the  projecting  wax  ridges  that  have  been  forced 
up  about  the  edges  and  low  places  of  the  mould  by  the 
press,  and  which,  if  not  removed,  would  overlap  and  hold 
the  copper  shell,  and  make  it  difficult  to  remove  the  shell 
from  the  face  of  the  moukl  when  it  comes  from  the  battery. 
He  then  proceeds  to 'the  operation  of  *•  building  "  the 
mouldy  ^which  is  performed  with  an  instrument  like  that 
shown  in    Fig,  150,     The  workman   is   provided   with 


Fig,  150. 


'eevenil  of  these  building  irons,  which  are  laid  on  a  rack, 
in  a  small  oven  heated  by  a  gas-jet.  Taking  one  of 
these  irons  properly  heated,  and  applying  to  it  from 
time  to  time  a  thin  strip  of  wax,  he  allows  the  melted 

Iwax  to  run  from  the  point  of  the  tool  on  to  the  open 
spaces  or  bhmks  of  the  mould.  This  operation  is  an 
important  one,  re«]uiring  a  steady  hand   and   a  certain 
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copy  of  the  original,  and  it  will  l>e  iisoless  to  place  the 
mould  in  the  bath. 

It  should  be  noticed  here,  that  the  black-lead  used  in 
every  stage  of  the  electrotjqiing  pmeess  must  be  of  the 
piu-est  description,  and  in  the  most  minute  state  of  divi- 
sion. An  inferior  material  will  injuriously  atfect  the 
electrical  conductivity  of  the  surface  of  the  mould,  and 
the*  presence  of  any  gritty   jxirticles  will    scratch    and 

Fig.   h^l. 
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deface  it.  The  manufacturers  of  this  material,  therefore, 
prepare  electrotypers'  stock  with  special  care.  The  best 
for  this  purpose  is  prepared  from  the  purest  selected  Cey» 
Ion  graphite,  which  is  ground  by  rolling  with  lieavy  iron 
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balls  uiltil  it  is  reduced  to  a  dead-black,  infinitely  fine 
powder.  It  should  be  separated  by  air-floating,  or  by 
floating  in  a  bath  of  dilute  sulphuric  acid,  which  will  dis- 
solve out  its  mineral  impurities. 

The  operation  of  black-leading  the  moulds  is  performed 
either  by  hand,  or,  more  commonly,  by  machines.     The 
preceding  cut  (Fig.   151)  shows  one  of  the  most  prac- 
tical of  these  machines  with  its  cover  removed  to  exhibit 
its  construction.     It  has  a  travelling  carriage  holding  one 
or  more  forms,  which  passes  backward  and  forward  under 
a   laterally   vibrating   brush.     Beneath   the  machine  is 
placed  an  apron,  which  c-atches  the  powder,  wlxich  is  made 
to  do  service  over  again.     (Several   modifications  of  the 
dry  black-leading  machine  have  been  devised,  and  an  ex- 
cellent one  is  described  in   The  Pblytechnic  Review^  vol. 
iv.  p.  262,  1877.) 

Wlien  the  mould  has  been  thoroughly  dusted,  it  is 
removed  from  the  machine,  and  the  superfluous  plumbago 
is  blown  out  of  the  lines  of  the  mould  witli  a  broad- 
nosed  bellows,  or  brushed  out,  leaving  the  mould  covered 
with  a  fihn  of  grapliite  of  infinitesimal  thickness,  but 
very  lustrous.  If  any  loose  pitrticles  of  the  dust  are  per- 
mitted by  carelessness  to  remain,  the  result  will  be  a  faulty 
electrotype. 

On  account  of  the  dirt  and  dust  caused  by  the  dry 
process  of  black-leading,  and  which  cannot  be  avoided, 
owing  to  the  impalpably  fine  condition  of  the  black- 
lead  powder,  some  electrotypers  iJrefer  the  wot  process, 
invented  by  Mr.  Silas  R  Knight,  chief  of  the  electro- 
typing  department  of  the  Messrs,  Harper  &  Brothers,  New 
York.  Tliis  process  is  designed  to  work  more  quicklv 
and  neatly,  producing  moulds  that  are  thinly,  evenly,  and 
perfectly  covered,  not  omitting  the  dot  of  an  f,  nor  allow- 
ing "  bridging'*  over  fine  lines.     In  Mr.  Knight's  process 
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the  moulds  are  placed  upon  a  shelf  in  a  suitable  recepta- 
cle, and  a  rotary  pump  forces  an  emulsion  of  graphite 
and  water  over  their  surfaces  through  a  travelling  fine- 
rose  nozzle.  This  process  is  pronounced  to  be  rapid,  effi- 
cient, neat,  and  economicah 

Wiring, — After  the  above  operation  of  bla(*k-leading 
has  been  properly  performed,  the  workman  takes  one  or 
several  stout  copper  wires,  the  ends  of  which,  after  thor- 
ough cleansing,  he  heats  for  an  instant,  and  imbeds  in  the 
wax  on  tlie  side  of  the  nioukL  The  surface  of  this  wire 
is  carefully  exposed,  and,  by  way  of  precaution,  the  place 
is  rubbed  with  black-lead  with  the  finger,  to  restore  the 
blackhead  surface  that  may  have  been  disturbed.  Tri- 
fling as  this  circumstance  of  exposing  the  imbedded  wire 
may  appear,  the  galvanic  deposit  of  the  copper  on  tlie 
fiice  of  the  mould  would  be  impossible  were  it  neglected, 

the  mass  of  wax  being  a  non-conductor  of  electricity, 
a  galvanic  circuit  could  not  otherwise  be  established. 
The  exposure  of  the  wire,  therefore,  is  essential,  in  order 
that  the  surface  of  the  mould  may  be  rendered  properly 
conductive  to  insure  the  uniform  de^wsition  of  copper 
upon  it.  /To  confine  the  deposit  of  copi>er  where  it  is 
actually  desired,  and  to  prevent  it  from  unnecessarily 
spreading  over  the  edges  of  the  mould,  the  hot  building- 
iron  is  run  over  it  so  as  to  destroy  the  continuity  of  the 
black-lead  surface  save  where  the  deposit  of  copper  is 
wanted. 

In  order  that  the  deposition  of  copper  may  be  as  nearly 
uniform  in  thickness  as  possible  over  the  entire  surface  of 
the  moidd,  it  becomes  necessary  where  a  large  surface  is 
to  be  coated,  to  provide  as  much  metallic  sm-face  as  pos- 
sible on  which  the  deposit  of  copper  may  commence  and 
spread.  One  method  of  accomplishing  this  is  to  attach 
one  or  more  pieces  of  metal  to  the  wax  on  the  edges  of 
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the  inoukl,  and  connect  them  with  the  sUnging  wires  by 
good  metallic  connections. 

A  very  practical  device  in  this  connection  is  the  "eler- 
trie  connection  gripper'*/  of  Messrs.  R.  Hoe  &  C^i '>' 
New  York,  which  is  shown  in  Fig.  152. 

Fi^.  152. 
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This  arrangement  is  designed  to  hold  and  sustain  the 
moulding  case,  and  at  the  same  time  to  make  an  electric 
connection  with  the  prepared  conducting  face  of  the  moidd 
only ;  consequently  leaving  the  metal  case  itself  entirely 
out  of  the  current,  so  that  no  copper  can  be  deposited  on 
it 

MefaUizing  the  Afoithh. — On  account  of  the  compara- 
tively inlerior  conducting  character  of  the  black-lead  sur- 
face of  the  mould,  several  methods  have  been  devised  and 
are  in  use  for  improving  its  conductivity  by  metallization. 
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liy  this  procedure,  the  mould  is  provided  with  a  surface 
I  eminent  conducting  quality,  by  which  the  uniformity 

the  metallic  deposit  over  its  whole  surface  is  iusin-ed. 

ithout  stieh  preparation,  the  deposition  of  copper  would 
^nmence  at  tlie  t^uspension  wires,  and  would  gradually 
fcad  from  these  over  the  surface  of  the  mould.  Those 
•nrtions  nearest  the  wires  would,  therefore,  receive  the 
^aviest  deposit,  and  those  Hirtliest  therefrom,  the  thinnest. 

ailt  and  silvered  black-lead,  prepared  in  the  manner 

ribed    on    page  454,  are   occasionally  used    for  this 

irpose.     The  coppering  process  of  Mr.  Silas  P,  Ivnight 

however,  preferable,  and  is  in  general  use  for  this 
l-Tpose,  The  process  in  question  effects  in  a  few  sec* 
■c^ls  the  coating  of  the  moukl  with  a  thin  and  uniformly 
i^tributed  film  of  copper.  It  is  |>er formed  in  the  fol- 
ding manner:  After  stopping  out  those  portions  of 
^  mould  that  are  not  to  receive  a  deposit,  it  is  laid 

a  shallow  trough,  and  a  stream  of  water  turned  upon 

from  a  rose  jet  to  remove  any  particles  of  black-lead 
tet  may  remain  in  the  lines  or  letters.  The  workman 
len  ladles  out  of  a  ronveniently  placed  vessel  some 
llphate  of  copper  solutiotu  pours  it  upon  the  face  of 
le  mould,  dusts  upon  it  from  a  pepper-box  some  in- 
ftlpably  fine  iron-filings,  and  brushes  the  mixture  over 
>e  whole  surface,  which  thus  becomes  coated  with  a 
lin,  bright,  adherent  fihn  of  copper.  Should  any  portion 
f  the  surface,  after  such  treatment,  remain  uncoppered, 
|e  operation  is  repeated.  The  excess  of  tlie  copper 
>lution  is  washed  off,  and  the  mould  is  then  ready  for 
le    bath.*     The  use  of  tinning  in  place  of  coppering 


*  In  experimenting  with  the  Knight  procesa,  ihe  writer  acd  dim  tally 
ude  the  observation  ihnt  chemiciilly  i^ure  iron,  in  the  tintf»t  possible 
Me  of  division  (as  prepftred,  for  exanjple,  by  the  reduction  of  the 
tide  of  iron  by  hyilrogen)  will  not  produce  an  adherent  copi»er  film 


4W  cui.TAimn.Amc  masiptlatuks. 

hM  wSm  hem  imimii'iiikJ,  is  aocofdMiee  with  Ibe  pit- 
estrd  piuusaii  of  AduBft.  (For  desoiplioiL,  consolt  B. 
Hoe  &  Co.'t  Gitakgiie,  page  91.) 

BeSofe  the  moulds  ue  placsed  in  the  deporiting 
is  itnportmnt  to  wa§h  tbem  tbofongiilT,  whidi  m 
genenSij  bj  diiectiiig  iipoo  their  bees  a  strong  stream  of 
water  from  a  rabher  hose  and  pipe.  When  the  monUi 
hare  been  tfaorooghlj  waAed  out,  thejr  should  he  placed 
at  once  in  the  depoiiting  rmt^  and  ooDnected* 

The  depomiin^  mJuiian  is  the  same  as  that  pieiioosly 
described  and  used  far  obtaining  thick  electnMlepQfiili 
(i\  e.,  a  satnmted  solution  of  sulphate  of  copper^  addo- 
lated  with  ^phuric  arid,  nV/e  Chapter  L.Xand  either  the 
hatter^',  or  what  is  now  commonly  the  case,  the  plating 
machine,  is  used  to  effect  the  deposit.  The  vat  is  provided 
with  a  series  of  large  copper  anodes,  between  which  the 
cases  containing  the  prepared  moulds  are  suspended  in 
the  solution  back  to  back,  so  that  the  moulds  face  the 
anodes.  When  the  metallic  connections  are  made,  the 
mode  of  doing  which  has  been  repeatedly  described  in 
other  portions  of  this  work,  the  circuit  is  completed,  and 

upon  the  mould.  In  a  number  of  trials  with  such  chemicaQj  pure 
iron,  the  cofi[M:r  wua  invariably  re^luced  bb  a  non-ad tier^nt  powder, 
Th*5  most  probable  explanation  of  ibis  curious  fact  appears  to  be,  tliat 
the  reducing  action  of  the  iron  on  the  copper  salt  is  so  energetic,  thai 
the  solution  ofilie  iron  and  Che  precipitation  of  the  copper  are  instao- 
taneoufi,  no  timt?  being  afforded  the  copper  to  come  in  contact,  in  the 
act  of  precipitation,  witli  the  black-leaded  surface.  Where,  on  lh« 
contrary,  iron  filings  are  used,  m  h  the  case  in  practice,  the  particles 
of  inm,  though  m  minute  aa  not  to  injure  the  face  of  the  mould,  are 
cnorm<>UKl)/  larger,  comparatively  speaking,  than  tliose  of  the  reduced 
iron,  their  actiuu  on  the  copper  salt  Is  much  slower,  and,  as  the  precipi- 
tation of  the  copper  it!  slowly  taking  place  on  the  iron  particles,  as 
they  are  moved  hy  the  brush  to  and  fro  over  the  black-leaded  euHace, 
enough  of  it  h  IranRf'erred  and  adheres  to  the  latter  surface  to  give  it 
A  continuous  metallic  coating* 
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le  copper  at  once  commences  to  be  deposited  on  the 
loulds, 

The  time  required  to  obtain  a  shell  of  copper  of  proper 
tliickness  will  vary  cTccor ding  to  the  thickness  desired  and 
the  strength  of  the  battery  current.  For  ordinary  book 
or  job  work,  the  copper  shell  should  be  about  as  thick  as 
kood  book  paper,  which  will  require  an  immersion  of  from 
■three  to  five  hours.  For  newspaper  headings,  and  such 
other  blocks  as  w^ill  be  subjected  to  hard  usage,  a  much 

Itliicker  shell  is  made,  requiring  a  correspondingly  longer 
Immersion  in  the  bath. 
To  give  an  idea  of  the  rate  at  which  this  class  of  work 
may  be  done,  we  may  state  that  the  Smee  battery  (zinc- 
silver  couple  with  sulphuric  acid  as  an  excitant),  of  26 
pairs^  I'i  Jc  12  inclies,  will  copper  from  6  to  6^  square  feet 
of  prepared  moukls  in  four  hours.     In  this  branch  of  gal- 
fcranoplastic  work,  as  in  electroplating,  the  batterj*  has,  how- 
ever, at  least  in  the  United  States,  been  largely  superseded 
_by  the  dynamo-electric  machine,  and  with  the  result  of 
(greatly  increasing  the  capacity  of  the  establishment's, and  of 
dispensing  w  itl;  the  trouble  and  care  which  even  the  sim- 
plest batteries  demand.     As  every  such  establishment  re- 
rquires  to  use?  steam-power  in  some  portion  of  its  w^ork,  and 
generally  has  at  command  more  power  than  is  actually  re- 
|uired,  the  taking  off  of  one,  two,  or  even  three  horse* 
}ower  additional  for  running  a  plating  machine,  in  some 
ises,  makes  no  appreciable    difference  in  the  expense 
count.     A  comparison  of  the  relative  economy  of  bat- 
f^  and  machine-plating  is  given  in  our  chapter  on  the 
lynamo-electric  machine. 

The  ShelL — When  the  mould  has  received  a  suitable 
'deposit  it  is  removed  from  the  Imth,  and  the  copper  shell 
removed  from  the  wax.     To  do  this  the  mould  is  placed 
an  inclined  position,  and  a  stream  of  hot  water  is  poured 
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over  the  copper  surface.  This  artifice  softens  the  wax] 
fiiifficiently  to  allow  the  shell  of  copper  to  be  stripped  ofil 
Tliis  may  be  done  by  taking  hold  of  one  corner  of  the! 
8hell,  and  quickly  lifting  it  as  the  hot  water  flows  over  it 
In  removing  the  shell,  care  shoidd  be  taken  to  keep  it 
straight,  as  otherwise  it  will  be  difficult  to  back  and  fin- 
ish it  properly. 

The  film  of  wax  which  always  adheres  to  the  copper. 
the  quantity  of  which  depends  on  the  skill  of  tlie  opercitor, 
is  removed  by  laying  the  shell  upon  a  wire-screen,  and 
pouring  a  hot  lye  of  potash  over  its  surface  from  a  ladle, 
until  the  adhering  particles  of  w^ax  have  been  dissolved, 
allowing  tlie  |>oti]s]i  to  run  back  again  into  the  pot  from 
which  it  was  dipped.  The  shell  is  then  thoroughly  rinsed 
off  in  cold  water.  • 

The  tinning  of  the  back  of  the  shell  is  the  next  opera- 
tion, and    has    for  its   object    to    strengthen    the   union 
between  the  shell  and  the  backing  metal.     For  this  p^^^*^ 
pose  the  back  of  the  shell  is  cleansed  by  brushing  ^^^^^B 
'•soldering  fluid"  (made  by  allowing  muriatic  acid  to  ta^ 
up    as  much  zinc  as  it  will  dissolve  and^  diluting  wi 
about  \  of  water,  to  which  sometimes  some  sal-ammoni^^ 
is    added).     Then,  the    shell,  face  down,  is    heated   l^^ 
laying  it  upon  an  iron  soldering  plate,  floated  on  a  hutt^ 
of  melted  stereotype  metal,  and,  when  hot  enougFi,  meltei 
solder  (half  lead  and  half  tin)  is  poured  over  the  back 
which  gives  it  a  clean,  bright  metallic  covering.     Or,  the 
shell,  is  placed  downward  in  the  backing  pan,  brushed 
over  tlie    back  with    the    soldering  fluid,  alloyed-tinfoil 
spread  over  it,  and  the  pan  floated  on  the  hot  backing 
metal  until  tlie  foil  melts  and  completely  covers  the  shell. 
When  the  foil  is  melted  the  backing  pan  is  swung  on  to  a 
levelling  stand,  and  the  melted  backing  metal  is  carefully 
|K)itred  on  the  back  of  the  shell  from  an  iron  ladle,  com- 
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,cmg  at  one  of  the  corners,  and  gradually  running  over 
surface  until  it  is  covered  with  a  backing  of  sufficient 
kness.     The  accompanying  cut  (Fig.  153)  represents 

Fig.  153. 


ivenient  form  of  backing  pan  and  stand  for  this  pur* 
\,  Or,  after  tinning  the  shell,  aa  above  described^  it 
lowed  to  take  the  temperature  of  the  backing  metal 
he  floating  iron  plate.  jTlie  plate  is  then  removed 
I  the  molten  metal,  supported  in  a  level  position  on  a 
e  having  projecting  iron  pins  on  which  it  is  rested, 

the  molten  stereotype  metal  is  ladled  carefully  to 
proper  thickness  on  the  back  of  the  tinned  shell. 
i  process  is  called  *'  backing,"  I  The  thickness  of  tne 
al-backing  is  about  an  eighth  of  an  inch,  enough  to 
!  the  necessary  rigidity  to  the  shell  to  enable  it  to  with- 
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FimMmg. — ^The  plftt»  tbw  pirpftred  most  Daw  be  fiD^ 
iriiedt  tliftt  is,  tiiey  moit  be  nwn  apart,  tiiiiiiDed  Hi  le- 
moiw  fodigh  edga»  ^Ted  dmrn  to  take  the  tua^tsoKm^ 
the  backs  and  make  tbem  of  equal  thicknesa,  tbe  prntting 
fiioea  bioogbt  to  a  perfect  level,  and  then  motinted. 

In  the  fimsber^  departmetit  the  plates  go  fint  to  tbe 
saw  table  (Fig,  154),  where  the  sereral  mbjects  «€ 
nmghlj  «WQ  apart  hx  a  cmmfair  saw,  tbe  eyes  of  the  op 
etator  being  protected  firom  the  flying  metal  cuttings  br 
an  interposed  pane  of  ^ass. 

After  trimming  all  aroond  to  remare  the  ron^  edges> 
the  plates  an^  shaved  to  take  off  anr  roogbness  from  tbe 
back  and  to  make  them  of  eiren  thickness.  In  all  lai^ 
establishments  this  portion  of  the  work,  which  is  very 
laborious,  is  done  with  a  power  planing  machine.  With 
this  machine,  the  plate  is  brought  to  very  nearly  proper 
tfaickneas  and  almost  true.  The  flatness  of  the  pkte^  '^ 
then  tested  with  the  straight-edge,  and  any  unevennes* 
is  beaten  down  with  a  light  hammer  and  planer.  To 
bring  up  low  places,  the  face  of  each  plate  is  then  tested 
by  rubbing  with  a  flat  piece  of  willow  charcoal,  whkb 
will  not  blacken  such  parts  as  are  depressed  beloW 
the  general  surface,  and  these  places  are  indicated  on  tb^ 
back  by  marking  with  a  suitable  caliper.  Turning  the 
plate  face  downward,  their  marked  places  are  sti-uck  with  ■ 
a  ball-faced  hammer  which  brings  up  the  printing  facej 
opjiosite  to  the  true  level.    These  operations  are  repeated 
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^late  then  pusses  to  the  hancl-sbaving:  machine 
155),  where  the  back  is  shaved  down  to  a  pro|»er 
smooth  and  level.  The  edges  of  the  phite 
en  planed  down  square  and  to  a  proper  size.  The 
iter  now^  receives  the  dressed  and  squared  plates, 
its  them  type-high  on  a  block  of  wood — cherry. 
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j  Finally,  it  may  be  mentioned  that  plaster  of  Paris  may 

ia  he  used  in  the  place  of  wax  as  the  material  for  taking 

p  mould,  and  electrotypes  made  therefrom,  after  proper 

^paratian  by  one  of  the   several  methods  prenously 

jgibed. 

^tereott/phfj  is  the  name  given   to  several   processes 

fring  the  same  object  as  elcetrotyplng  {i.e.,  the  dupli- 

ion  of  printing  surlaces,  of  engravings  or  type,  to  be 
in    place  of  the  originals  in  the    printing  press), 
sc   methods,  however,  are    purely    mechanical,  and 
not   involve   tlie  employment    of  the  galvanic  cur- 

t.  They  consist,  generally,  in  obtaining  a  cast  in 
raetal  directly  upon  the  mould  taken  from  the  origi- 
the  mould  being  usually  placed  in  a  *'  casting-pan" 

suitable  shape  and  size,  into  which,  after  properly 
plting  it,  melted  stereotype  n^ctal  is  poured,  and  tlie 
(ole  subsequently  submerged  in  a  bath  of  the  melted 
?tal.  According  to  the  material  used  for  making  the 
^ild,  three  processes'of  stereotyping  are  known,  distin- 
Ished  respectively  as  t!ie  plaster^  tlie  c/tr//,  and  Ihe/xi/j/er- 
l^o/fe  method.  The  methods  of  preparation  and  easting 
per  somewhat  with  t?ach.  The  first  two  are  generally 
pel  for  miscellaneous  work,  and  the  last  is  specially 
PEipted  for  newspaper  uses,  where  curved  plates  are  re- 
hired for  the  perlecting  presses,  though  it  is  not  con- 
ned exclusively  to  this  class  of  work. 

The  operations  involved  in  finishing  the  stereotype 
lEte  after  it  has  been  removed  from  the  casting-pan,  are 
fery  similar  to  those  in  use  with  electrotypes, 
I  For  a  detailed  description  of  tlie  several  processes  of 
breotyping,  we  must  refer  our  readers  to  special  works 
ieating  of  it,  as  the  subject  is  somewhat  foreign  to  that 

this  treatise. 

Very  satisfactory  descriptions  thereof  may  be  found  in 


iiil  ghili'rilBiiiif,  B,  Hoe  &  Co.,  New  York, 
F.  Wifaoa,  Lmtek  Wyman  &  Scms. 


CHAPTER  LX. 


GALVAXOrLASnC   HEFOSnS  ON  PATTERNS  WITHOUT  DEU^TRT 

(rXDEECCr),  AKD  WHICH  ARE  SACRIFICED LENOIR's   rRi> 

CESS— GALVANOPIJLSrnC   METHOD    FOR    ARTICLES    IN    HIGH 
RELIEF  WHH  GUTTA-Pf^CHA  JIOCTJ>S- 

G^c^ncpkuiie  Ihpomis  om   Patterns  mthoui  Ddi^ry 
{Cndereui)^  and  ithick  are  Sacri/iced. 

RosELEUE  describes  the  rollowing  ingenious  method  oi 
obtaining  a  copper  moidd  und  r  copy  afterwards  from 
originals  so  undercut  that  they  must  be  sacrificed :  A 
human  head  in  plaster  of  Paris,  for  example,  is  rendered 

impervious,  and   then  metallized. 
pj„,  156^  After  a  galvanoplastic   deposit  of 

^^  copper  has  been  effected  on  its  sur* 

^^^^  lace*  the  plaster  is  removed,  bteat* 

ing  it  away  through  some  such  un- 
important part  as  the  opening  oi 
the  neck.     The  continuous  mouW 
of  copper  thus  obtained  is  slightly 
greased  inside,  and  serves  as  a  de* 
positing  vat  (Fig,  ISfi),  which  is 
filled  with  the  solution  of  sulphate 
of  copper.     Bags  filled  ^ith  crys* 
tals  of  blue  vitriol  are  suspended 
to  the  edges,  and  with  a  separate 
current  and  copper  anode,  or  with 
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porous  celt  placed  inside  of  the  mould,  whirh  is  cou- 
ted  with  the  zinc,  another  deposit  of  copper   takes 

ace  in  the  cavity.    When  the  thickness  of  the?  metal  is 

ffirient,  the  mould  or  first  deposit  is  peeled  off,  and  we 
ibtain  the  copper  reproduction  of  the  object  in  high  relict 
This  process  is  expensive,  hut  gives  sure  results  with 
arge  patterns  with  parts  in  pronounced  relief.  With 
all,  or  narrow^  objects,  or  those  of  w^hich  the  reliefs 
je  verv'  sinuous,  Koseleur  recommends  sectional  moidds, 
Ithough  the  seams  are  always  seen  and  require  careful 

touchin*:^:. 


l/e7ioir^s  Process — Gahmnophtslic   Mfihotl   for  Originals 
in  High  Relief  mfh  Gatta'Percha  Monhh, 

It  is  proper  to  insert  in  this  place  the  galvanoplastic 
ethod   for   articles   in    hij^Ii    relief,    with    gutta-percha 
oulds,  invented  by  Lenoir,  to  whom  the  arts  are  mdcbted 
■or  several  valuable  discoveries. 

Lenoir  had  been  impressed  by  the  enormous  lalior  re- 
quired for  finishing  up  a  bronze  coming  from  the  foundry: 
■retouchings  filling  up,  scraping,  smoothing,  and  chasing 
■were  as  many  causes  for  rendering  the  object  accessible 
only  to  the  favored  few.  Moreover,  after  a  passage 
through  so  many  hands,  the  reproduction  was  but  the 
shadow^  of  the  work  of  the  master.  He  was  also  well 
acquainted  witli  the  difficulty  of  soldering  together  the 
arious  parts  of  galvanoi)lastic  productions,  so  as  to  form 
with  them  a  bust,  a  group,  or  a  statue. 

riie  problem  to  be  solved  was  to  obtain  from  a  perfect 
pattern  as  many  galvanoplastic  copies  in  one  piece  as 
desired,  and  with  such  accuracy  that  the  artist  to  whom 
the  model  was  due  could  not  distinguish  it  from  the  re- 
rod  uction. 
We  shall  see  by  what  series  of  processes,  one  more  in* 
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Scftind,  potwidiifilHig  all  dies^  praouliaiis,  it  «ms 
itiD  poflible  thai,  with  the  iiM.njML  of  the  drpoot  oTcop- 
per«  which  would  icdaoe  the  dktante  brtween  the  mould 
a&d  die  anode,  the  latter  and  the  depoaft  wovld  come  in 
eootact,  and  benee^lop  die  opeialioti  wi&ofit  Banifestiiig 
aiiT  exterior  ttgn  to  attnct  the  attentioii  of  the  operator. 

Thii  waa  an  objectkni  saffidendy  serious  to  render  the 
whde  process  entirely  nsele^ii.     For.  if  in  a  mt  hold* 
ing  manr  mocdds,  one  point  of  contact  were  establiiihe^^ 
between  the  two  polai  (mould  and  dteleton)^  the  curreiifl 
of  the  battery  would  be  short-circuited  and  escape  at  thai 
place,  and  tbe  deposition  would  crease  ^itirely. 

In  order  to  ob%iate  this  possible  inconvenience,  Len« 
bsm  de^iaed  the  following  process : — 

AU  the  moulds  of  the  same  bath  are  supported  by 
hooks  iuspended  from  a  metallic  rod.     Tbeae  hooks  have 
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lo  contact  with  the  black-leaded  surfaces  of  the  moulds, 
irhich  are  connectedVith  the  negative  pole  by  means  of 
Imetallic  wires  terminated  above  the  liquid  by  other  iron 
Iwires  as  fine  as  hair.     The  connecting  wires  of  the  skele- 
ton anode  pass  througli  the  same  opening  as  the  negative 
eonductor,  but  without  contact,  and  are  imited  to  the 
positive  pole  (Fig.  100). 


Fig.  IGO* 


P 
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It  results  from  this  disposition  that,  as  long  as  there  is 
no  contact  between  the  skeleton  and  the  interior  of  the 
mould,  the  electric  current  finds  sufficient  passage  through 
the  several  slender  iron  wires  which  connect  the  moidds 
with  the  battery;    but,  if  any  contact  takes  place,  the 

eescajK^s  at  that  point,  and,  being  too  abundant 
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j^  of  copper  will  be  rapidly  transfonned  into  sul- 
acid  and  water.  Hence  the  necessity  of  allowing 
ower  part  of  the  mould  (under  the  feet  for  instance), 
for  two  holes,  through  which  and  the  opening  at 
id,  left  for  the  passage  of  the  electrode,  a  free  circu- 
)f  the  liquid  in  the  bath  may  take  place  (Fig.  161). 
m  the  operation  is  completed,  the  gutta-percha 
is  removed,  and  the  skeleton  anode  forcibly  with- 
We  have  then  simply  to  close  the  three  holes  in 
bue,  and  to  file  off  the  seams  left  at  the  junction  of 
Ferent  parts  of  the  mould,  in  order  to  have  a  per- 
.ccurate  copy  of  the  model. 


CHAPTER  LXI. 

DURATION  OF  THE  OPERATION. 

IE  are  no  precise  rules  for  determining  the  length 
necessary  for  a  galvanoplastic  deposit.  It  depends 
:e  thickness  of  the  desired  deposit,  the  intensity  of 
rent,  the  dimensions,  and  the  more  or  less  irregular 
of  the  object.  The  article  may  be  removed  from 
:h  when  the  thin  copper  deposit  has  spread  all 
le  mould ;  but  in  this  case,  the  film  is  not  suffi- 
firm,  and  is  often  perforated.  Nevertheless,  a  quan- 
these  thin  and  defective  deposits  are  to  be  met 

trade,  and  an  appearance  of  firinncss  is  given 
y  tinning  these  from  the  back,  and  strengthening 
ing  with  tin  or  other  solder.     These  strengtliened 

are  sometimes  returned  to  the  galvanoplastic 
I  order  to  cover  the  solder  with  a  light  layer  of 

and  make  it  appear  as  though   the  thickness  of 
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TkefimorCli. 


MGk 


tie  reprodnctiafii^     Bjr  dm  procaoB  thtf  sie  eoahfed  H 
fuMk  to  tbe  ttaife  aa  cAoiBMw^  quantkr  of  perfatlT 

nd  dimlile  aititlei  fbf 

Mft,     SuBilBr  objects  w&t 
cvH  bnmap  or  fanM«  whkli  required 
sad  olber  mmmpnbSioQs  before  bang  ready  for  ine. 

For  ^Uktg  galvaaoplMlit  re^ndoctMns  with  bets 
soUeTt  dietf  exiezior  b  fnt  corered  witb  daT«  plaster  of 
Buis^  or  Spntiib-arlitle  mixed  with  charcoal  dust,  after 
whkfa  the  whole  is  perfectly  dried  in  the  store^^oOB- 
Thi»  ooaliag  k  lateniied  to  prevent  the  copper  depoat 
from  kMBg  its  diape  aad  being  oxidixed  by  the  actioo  d 
a  high  tempetatme;    The  interior  of  the  artide  b  tka 


filled  with  the  softest 


solder  to  be  found,  and  witb 


powdered  boras,  which  are  melted  by  a  gas  jet  or  before 
the  blowpipe.  All  the  hollow  parts  are  soon  filled  wldi 
the  solder,  which  imparts  to  them  at  least  equal  finmie^ 
and  dnrabilitv  a>  b  to  be  found  in  cast  articles. 


CHAPTER  LXIL 

anOTIXG  THE  XOCLD — FIXISHIKG  VT  THE  AaTTCLES. 

RemtmiHg  the  Jhultt 

This  operation  consisis  in  separating  the  galranopk 
tic*  deposit  fi:om  the  substance  of  the  mould,  and  it 
evident  that  there  will  be  nearly  as  many  methods 
effecting  thb  as  there  are  substances  employed. 
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With  a  metallic  mould  the  operation  is  very  simple, 

d  it  is  sufficient,  after  having  removed  the  useless  por- 

ions  of  the  deposits  with  a  file,  a  saw,  or  otherwise,  to 

^^lass  a  card  or  a  blade  of  honi  or  ivory  between  the  model 

and  the  deposit  to  effect  their  sepamtion  without  injury. 

The  operation  is  about  the  same  with  moulds  of  plaster 
of  Paris,  porcelain,  marble,  glass^  or  wood ;  but  it  is  very 
diffindt  to  save  a  plaster  mould  which  has  been  in  the 
bath,  and  whicli  is  nearly  always  safrificed  and  separated 
in  fragments^ 

Moulds  of  w^ax,  stearine,  fusible  metal,  gelatine,  or 
gutta-percha  are  heated  in  boiling  water  or  other\«se; 
^  their  separation,  therefore,  presents  no  difficulty. 


I 


» 


I 


I 
I 

I 


Fiuhhing  the  Articles. 

The  articles  separated  from  the  moulds  are  generally 
spotted  with  plumbago,  grease,  or  other  still  adhering 
substances,  from  the  moulds.  It  is  usual  to  heat  them,  so 
as  to  burn  out  the  impurities,  and  to  cleanse  them  by  a 
more  or  less  protracted  immersion  in  a  pickle  of  diluted 
sulphuric  acid.  The  heating  presents  the  advantage  of 
rendering  the  copper  deposit  softer  and  more  malleable ; 
on  the  other  hand,  it  may  result  in  injury  to  the  minute 
details  and  the  fineness  of  the  copy*  Tlierefore,  for  deli- 
cate reproductions,  it  will  be  preferable  to  clean  with 
alcohol,  turpentine,  gasoline,  or  benzole,  and  to  rub  the 
surface  with  a  stiff*  hru«h.  We  may  finish  with  a  paste 
of  Spanish-white  (levigated  chalk)  in  water,  wliic^h  is 
allowed  to  dry  upon  the  object  before  it  is  wii>ed  oH\  In 
this  case>  shotdd  any  Spanish-white  still  remain  in  the 
depressions,  it  may  be  dissolved  in  water  containing  one- 
tenth  of  its  volume  of  liydrochloric  acid,  which  doe.'^  not 
corrode  the  ccjjipc^r.  Tlie  operation  is  completed  by  rins- 
ing in  fresh  water,  and  drying  in  sawdust,  or  otherwise. 
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Wben  it  b  defied  to  anneal  the  articles  without  inji 
to  their  Mjxface.  we  may  {Junge  them  into  boihng  colza, 
linseed  oil.  or  imply  grease,  which  will  bear  a  heat  sul 
cient  6>r  annealing,  and  will  prevent  the  oxidizing  actit 
of  the  air.  This  annealing  in  fatty  substances  is  especial! 
to  be  recommended  in  the  case  of  highly  undercut  mould 
of  gutta  percha.  which  may  have  left  part  of  the  substance 
in  the  deep  recesses  of  the  galvanoplastic  copy.  The 
gutta  percha  is  first  softened,  and  then  dissolved  in  tie 
fattv  material. 


CHAPTER  LXIII. 

GALVAXOPLASTIC   OPERATIOXS  WITH    GOLD   OR  SILVER— Gi^ 
VANOPLASTIC  BATHS  FOR  SIL\T:R  AND  GOLD. 

G'iO''niOj^*hf>^»c  {^i^nifions  with  Gold  or  Silv^^- 

We  have   saiJ  that    it  is  possible  to  obtain  gab^^^ 
plastic  Jep«:»>it>  of  irold  or  silver :  but  the  processes  kno^ 
at  the  prt'^ont  time  are  more  difficult  and  less  eff<^^^^ 
than  tho^  for  cop{x^r.     The  latter  metal  is  obtained  oy 
the  reiluctioa  of  simple  s;ilts:    whereas  such  operation 
with  2old  or  silver  require  baths  of  double  salts,  such  *^ 
the  double  cyanide  of  gold  and  potassium,  or  thedouD 
cyanide  of  silver  and  {x>tassiura.     The  sulphate  of  copP 
is  very  soluble  and  tasily  reiluced :  on  the  contrary,  ^"^ 
sulphate  of  silver  is  but  slightly  soluble  in  water.   1" 
sulphate  of  sjold  exists  only  hypothetically.     As  for  ^ 
nitrate  of  silver  and  the  chloride  of  gold,  which  are  ^ 
most  soluble  salts  of  these  metals,  they  have  been  tn^ 
without  success. 

A  very  great  disadvantage  with  the  galvanoplastic  bat** 
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3f  gold  or  silver  is  their  alkaline  state,  which  prevents 
the  use  of  many  substances,  especially  of  fatty  materials, 
for  the  preparation  of  the  moulds.  Moreover,  these  baths 
ire  inferior  in  conducting  power  for  electricity,  and  require 
I  better  metallization  than  that  afforded  by  plumbago. 
We  dare  not  use  the  reduced  metals  from  solutions  of 
litrate  of  silver  or  chloride  of  gold,  because  they  will  be 
immediately  dissolved.  Therefore,  in  the  case  of  some- 
pvhat  deeply  wrought  moulds,  we  are  obliged  to  get 
iround  the  difficulty  by  the  following  artifice:  After 
laving  deposited  by  the  ordinary  process  a  thin  film  of 
copper,  the  whole  is  immersed  in  the  silver  bath,  which 
;hen  deposits  very  well.  After  the  separation  of  the  copy 
Tom  the  mould,  it  is  allowed  to  remain  in  a  solution  of 
immonia  or  of  very  dilute  nitric  acid,  which,  after  a 
certain  length  of  time,  dissolves  tlie  film  of  copper,  and 
eaves  the  silver  deposit  alone. 

Such  a  reproduction  must  necessarily  be  very  imperfect, 
lince  there  has  been,  between  the  mould  and  the  precious 
netal,  an  intermediary  layer  of  copper  of  unequal 
hickness.  This  is,  however,  the  only  process  we  know 
)f,  in  operating  upon  non-conducting  and  undercut  moulds. 
)n  the  other  hand,  when  the  surfaces  are  ])lane,  or  but 
lightly  in  relief,  we  may  employ  moulds  of  lead,  tin,  or 
iisible  metal,  upon  which  silver  or  gold  will  deposit  well 
nd  without  adlieronce. 

Roseleur  describes  the  following  process  for  employ- 
ng  non-conducting  moulds  for  galvanoplastic  operations 
vith  gold  or  silver:  The  pattern  is  covered  with  a  foil 
►f  lead  very  thin  and  larger  than  the  object,  then  the 
futta  percha  is  applied  upon  it,  and  the  whole  is  subjected 
o  pressure,  as  before  explained.  The  lead  foil,  without 
Kjing  torn,  follows  all  the  details  of  the  pattern,  and  may 
KJ  separated  afterwards  with  the  gutta  percha  which  it 
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has  metallized.     Instead  of  lead  we  may  en 
or  gold  leaf,  which  is  so  thin  that  the  joint*!  disao 
by  simple  pressure.     Roseleur  recomniends  this 
to  amateurs,  desirous  of  obtaining  good  deposits  of 
or  gold,  as  very  simple  and  easy  to  acquire, 

A  somewhat  thick  slicet  of  very  pure  lead  may 
ployed  for  taking  moidds  of  engra\Hngs  upon  copj^ 
steeh  The?  lead  and  the  engraved  plate  are  piu«el 
tween  rollers,  or  simply  subjected  to  pressure  iu  a  i 
press. 


Giilvanoplastic  Baths  for  Silver  and  Gold. 

The  bath  for  galvanoplastic  operations  with  siivfiri 
fomposed  of — 

Distilled  water      ...         *         * 
Cyainde  of  potussium   .  ♦  .  , 

Nitrate  of  silver  (fused) 

A  more  economical  solution  is  obtained  by  usinp ' 
of  the  above  named  quantities  of  cyanide  and  ni^^ 
silver  for  the  same  pro|K>rtion  of  water. 

The  gold  galvanoplastic  bath  is  composed  uf— 

Distilled  water l(H)i»ft.%; 

Cyanide  of  ]K>t08sium   .         ,         .         .  .       17> 

Kt'Utnil  chloride  of  gold        ...,*') 

These  baths  are  generally  operated  with  separate  c^^ 
rent  and  with  anodes  of  the  met^l  used  in  the  soluti^ 
Nevertheless,  tlae  porous  cells  and  zincs  may  be  immcflf* 
in  the  hath  itself,  provided  that  the  exciting  lit]niJ'* 
a  more  or  less  concentrated  solution  of  cyanide  of 
sium,  or  of  common  salt* 

Green  gold  is  obtained  by  mixing  ten  parts  of  gold 
with  one  of  silver  bath,  or,  what  is  preferable,  by  ea 
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►r  a  certain  length  of  time  a  silver  anode  in  the 

olution. 

J  galvanoplastic  deposits  of  gold  and  silver,  after 

reparation  from  the  mould,  should  be  heated  and 

[i-brushed ;  and  it  will  be  advantageous  to  give  them 

ssired  tint   by  a  short  immersion  in  the  ordinary 

>gilding  or  silvering  baths. 


CHAPTER  LXIV. 

GALVANIC   ETCHING — THE  FUTURE. 

Galvanic  Etching. 

3  have  said  that,  with  baths  working  by  the  battery 
iis,  the  soluble  anode^  or  plate  of  the  same  metal  as 
n  solution,  was  connected  with  the  positive  pole, 
as  dissolved  at  the  same  time  as  the  metaUic  deposit 
fFected  at  the  other  pole. 

)m  this  phenomenon  to  galvanic  etching  is  but  a 
;  step.  Indeed,  it  is  evident  that,  if  certain  portions 
)  anode  be  covered  with  some  insulating  material, 
xposed  parts  will  be  dissolved  slowly  and  more  or 
niformly,  and  will  form  the  hollows  of  an  engraving, 
ich  the  reliefs  will  be  the  covered  parts. 
Ivanic  etching  is  obtained  by  several  methods,  which 
^t  little  one  from  another. 

e  most  simple  process  consists  in  covering  entirely  a 
jr  plate,  for  instance,  with  an  insulating  varnish, 
I  is  not  acted  upon  by  the  bath,  and  then  in  tracing 
Irawing  with  a  graver,  which  should  penetrate 
gh  the  coat  of  varnish,  and  expose  the  copper.  By 
this  plate  as  the  soluble  anode  of  a  bath  of  sulphate 
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of  copper,  and  suspending  another  copper  plate  at  tk 
negative  pole,  the  latter  will  receive  the  deposit,  wliilif 
the  former  will  he  eaten  away  at  the  places  imcoTercd  k 
the  graver.  The  engraving  produced  will  need  onlyt 
shght  touching  up  to  lie  ready  for  use,  ^ 

Instead  of  using  wax,  varaish,  or  similar  substance  ai 
an  insulating  material,  we  may  employ  a  film  of  some 
metal  that  will  not  be  dissolved  in  the  bath.  Let  us  sup- 
pose, for  instance*  that  the  copper  plate  has  been  stronglr 
gilded  with  the  aid  of  the  battery,  and  that  with  a  :r. — 
we  trace  a  drawing  deep  enough  to  uncover  the  c< 
this  plate,  being  submitted  to  the  same  electric  conditions 
as  above,  will  be  corroded  where  the  graver  has  im^x 
while  the  gilded  portions  will  remain  entirelv  ur  ' 
upon,  since  the  free  acid  liberated  in  the  bath  of  suI^.m 
of  copper  does  not  dissolve  fifold. 

With  the  same  ease  it  is  possible  to  produce  a  dra\%ing 
in  relief,  instead  of  countersxuik,  bv  makinsr  the  drawing 
with   some  insulating  material  like  vaniish   or  a  lit 
graphic  crayon.      The  uncovered  portions  surroundii 
the  lines  of  the  drawing  will  become  eaten  away,  and  the 
drawing  will  remain  in  relief     We  may  also  maki" 
drawing  with  the   lithographic   pencil  or  with   varnii 
and  strongly  gild   the  uncovered  parts;  then,  if  the  v 
nish  or  the  greasy  lines  of  the  pencil  are  removed, 
etching  will  follow  these  lines,  which  will  becountersir 

The  baths  employed  generally  contain  iu  solution  thr 
same  metol  as  that  to  be  engraved ;  thus,  baths  of  sii* 
phate  of  copper  are  used  for  etching  copper  plates,  J^obi* 
tions  of  sulphate  of  zinc  for  zinc  plates,  and  gold  or  siltH- 
baths  for  these  metals.  ^H 

Nevertheless,  it  is  possible  to  engrave  copper  and  zm^^ 
plates,  with  the  aid  of  the  battery,  in  baths  of  waiet 
simply  acidulated  with   either  nitric,  hydrochloric,  ml- 
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phuric,  or  acetic  acid;  and  this  process  seems  to  be 
coming  more  and  more  into  use. 

Herewith  is  given  a  process,  not  for  engraving,  but  for 
obtaining  a  mould  of  a  design  by  substitution,  from 
which  galvanoplastic  copies  ready  for  printing  may  be 
obtained :  Upon  a  varnished  plate  of  copper  a  drawing 
is  traced ;  this  plate  is  dipped  into  a  weak  "  quicking" 
solution,  and  then  set  perfectly  level.  By  covering  it 
with  metallic  mercury,  this  metal  becomes  fixed  upon  the 
lines  traced  by  the  graver,  and  takes  the  meniscus  (curved) 
shape,  that  is  to  say,  the  relief  is  the  greater  as  the  engraved 
line  is  larger. '  Therefore,  all  the  drawing  is  reproduced 
in  relief  by  the  mercury.  We  may  now  cover  the  plate 
with  a  thin  paste  of  plaster  of  Paris,  and  when  the  latter 
has  set,  the  two  moulds  may  be  separated,  the  mercury 
stUI  adhering  to  the  copper.  The  plaster  mould  will  be 
treated  by  one  of  the  above-described  methods,  either  for 
preparing  a  counter  mould  from  it,  or  for  directly  obtain- 
ing a  galvanoplastic  deposit  after  its  metallization. 

The  following  is  another  similar  method  which  gives  a 
mould  immediately  ready  for  the  bath :  The  copper  plate 
is  varnished  as  above,  and  with  the  graving  tool  the  parts 
which  will  produce  tlie  blacks  of  the  engraving  are  uncov- 
ered. A  solution  of  neutral  protochloride  of  zinc  is  poured 
upon  the  plate,  followed  by  a  quantity  of  Darcet's  metal, 
fusible  at  about  175°  to  212°  Fah.  (see  page  467),  which 
is  melted  by  means  of  an  alcohol  lamp  moved  about  under 
the  copper  plate.  The  operation  is  facilitated  by  spread- 
ing the  fused  metal  with  a  small  iron  rod  all  over  the 
plate.  The  same  result  is  obtained  as  with  the  mercury,. 
except  that  the  mould  may  be  immediately  reproduced  by 
galvanoplastic  methods. 
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7%€  Future, 

Od  tiie  €%e  of  fiiraditii^  oar  descfiptionsof  hvdroplastk 
fluoiipiilftimtt,  let  ns  »y  that  the  gjalTmuoplutic  ait  W 
open  to  an  mfinite  Gttmber  of  applkatiBias  which  wtU  be 
dei^dc^ed  bjr  the  mrtbt  fron  tune  to  time*  Thii&,  hr  cul- 
tiiifr  as  opeo  patera  opoo  a  ibeet  ofeoppert  spreading  it 
ct-enly  upon  »iotha^  metallic  plate^  and  dipping  t&f 
whole  into  a  bath  of  i«ilTer  or  gcdd,  the  emptj  spaces  will 
be  filled  with  the  new  metal,  and  the  whole  will  form  a 
kind  of  mosaic  work  whieh  may  be  Terr  rich  and  rarie 
gated.  It  is  bj  an  analogous  process  that,  after  ha\iog 
fiistened  by  a  thin  euating  of  Tarnish  prectocis  stones  or 
other  objects,  upon  a  metallic  plate,  and  the  whole  being 
steeped  in  the  bath  after  metallization,  it  will  be  possible 
to  id  artificially  different  parts  of  an  artistic  prodoctioD. 
A  pattern  may  be  hollowed  out  with  a  graver  trom  a  plate 
of  ivory  or  mother  of  peart  and  the  whole  metallized  and 
immersed  in  the  galvanoplastic  bath.  After  the  entiie 
surfece  has  become  covered  with  the  metallic  deposit,  it 
is  sufficient  to  grind  and  polish  it  until  the  reliefs  of  ivcny 
or  mother  of  peari  reappear,  and  the  metal  will  form  ft 
variety  of  artistic  incrustations.  In  fact,  we  may  say  that 
there  is  sttircely  any  industry  in  which  the  galvanoplastic 
art  will  not  be  found  serviceable, 


CHAPTER  LXV, 

TIKXIXG  BY  IMKERSION  IK  MOLTEN  TIN. 

This  method  of  securing  upon  metal  surfaces,  princi- 
pally upon  iron,  and  to  a  slight  extent,  also,  upon  copper, 
an  adherent  coating  of  tin  of  any  desired  thickness,  is 
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tie  principal  one  employed  in  the  arts  for  this  purpose. 
*he  tinning  of  sheet-iron  by  this  process  is  an  industry 
f  vast  importance,  and  prodigious  quantities  of  tin-plate 
—as  sheet-iron  thus  coated  is  termed — are  annually  manu- 
cturcd  and  consumed  for  a  great  variety  of  uses. 
The  objects  sought  to  be  accomplished  by  the  tinning 
if  iron,  are,  to  protect  the  latter  metal  from  oxidation, 
in  being  very  indifferent  to  atmospheric  influences,  and 
>so  to  improve  the  appearance  of  the  iron,  and  fit  it  for 
any  uses  for  which  in  its  ordinary  condition  it  is  quite 
suited. 

The  art  of  tinning  by  immersion  in  fused  tin  is  a  very 
ancient  one.     It  is  supposed  to  have  been  practised  in 
Bohemia  as  early  as  the  thirteenth  century,  from  which 
unti'y,  which  was  then  fiivored  with  the  possession  of  rich 
iincs  of  tin,  it  was  introduced  into  Saxony  in  the  year 
1620*     From  Saxony,  it  was  carried  to  Wales  in  1670, 
which  country,  in  spite  of  some  early  vicissitudes,  it 
ta^  ever  since  flourished. 

The  question  of  the  protective  action  of  tin  as  a  coat- 
Ijg  upon  iron  has  some  scientific  interest. 

It  is  a  well-known  fact  that  two  dissimilar  metals  in 
contact  with  eacli  other,  in  the  presence  of  an  exciting 
iquid,  will  form  a  galvanic  couple;  the  conditions  of  tlie 
[alvanic  battery  being  tlius  practically  established.  Under 
ese  circumstances,  precisely  as  in  the  galvanic  bat- 
ry,  the  electro-positive  metal  of  the  combination  will  be 
ssolved  (corroded,  oxidized)  while  the  electro-negative 
etal  will  remain  unaff'ected ;  and  when  thus  coupled, 
e  solvent  or  corrosive  action  of  the  liquid  upon  the 
ectro-positive  metal  will  be  more  energetic  and  rapid, 
an  w^hen  it  is  exposed  alone  to  its  action.  The  energy 
ff  the  galvanic  action  set  up  by  two  metals  thus  coupled, 
be  governed  by  their  relative  electro-chemical  chur- 
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acters.  For  instance,  between  two  metals  standing  n«r 
to  each  other  in  the  eleetro-cheniical  series,  the  gulnnif 
action  will  be  exceedingly  Ibeble,  but  this  will  prt 
sively  increase,  as  they  recede  from  each  other  m 
electro-chemical  scries. 

Applying  these  facts  to  the  case  of  tin  and  iron,  it 
appear  that  they  stand,  relatively,  considerably  apart,! 
their  union  under  the  proper  conditions  will  provide] 
elements  for  a  galvanic   current  of  some   intensit)* 
such  a  combination,  tin  is  the  electro-negative  ch 
and  is  therefore  protected,  and  iron  is  the  elcctTO| 
element,  and  is  therefore  the  metal  which  is  cherai 
acted  upon  by  the  electroljle  or  liquid  excitant 

When  exposed  to  atmospheric    moisture  which 
play  tlie^'role  of  the   electrolyte,   tinned  iron  mitftj 
perfectly  coated   with    tin,    in    order    that  it  t^hiJl 
suffer  iTipid  destruction.     These  facts  are   lully  kii< 
and  the  manufacturers  spare  no  care  and  atlentioi 
coat  the  sheet-iron  so  perfectly  that  it  shall  be  with( 
flaw.     Wherever  such  a  flaw  exists,  or  wherever  nw 
finds  its  way  between  the  two  metals,  galvanic  arti( 
at  once  set  up,  and  the  points  in  question  l>erum«' 
fb(*i  from  which  the  oxidation  (or  rusting)  of  tk 
extends  in   all   directions,  like  the  continually-iridc 
circles  made  by  a  stone  cast  into  a  pool  of  water. 

So  long,  however,  as  the  coating  of  tin  remains  int 
the  tin  by  reason  of  its  presence  and  its  indifferen( 
atmospheric  influences,  effectually  protects  the  untlprfj 
iron,  but  it  should  not  be  forgotten  that  as  soon 
continuity  of  the  tin  coating  is  destroyed,  tlie  ni 
the  iron,  when  exposed  to  moisture,  proceeds  wnth 
rapidity  than  if  it  were  imcovered.    Wheix*,  howe^pf; 
tin  coating  has  been  removed  from  a  considerable 
by  the  oxidation  of  the  underlying   iron,   the  eJ 
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rfaces  of  the  latter  metal  behave  to  all  intents  and 
irposes  as  though  the  tin  were  absent,  since  it  is  only  at 
^e  points  of  contact  of  the  two  metals  that  the  galvanic 
stion  is  maintained. 

The  above  remarks  will  serve  to  explain  why  tinned 
ssels^  or  sheets,  exposed  to  the  damp  or  allowed  to  re 
lin  wet  for  a  comparatively  short  time,  are  rapidly  eaten 
'ough  by  the  rusting  of  the  iron ;  and  also  why  it  is 
portant  to  completely  dry  such  vessels  at  once  after 
rig  them,  or  to  protect  with  a  coating  of  paint  or  var- 
Ji  tinned  sheets  that  are  exposed  to  the  weather.  The 
^ciples  involved  in  the  above  considerations  have,  as 
t  shall  see,  an  equally  important  bearing  on  the  be- 
rvior  of  galvanized  (zinced)  objects. 

As  the  tinning  of  sheet-iron  is  the  most  important 
:anch  of  the  tinning  industry,  we  shall  proceed  to  de- 
ribe  it  in  detail. 

Tinning  Sheet   Iron,  (Tin-Plate,) — The  rolled  black 
atesas  they  come  from  the  mOl,  cut  up  by  the  shears  to 
x>per  size  for  the  fiMished  tiu-platesj  are  tirst  "pickled,'* 

clear  their  surface  of  the  black  oxide  with  which  they 
e  covered.  For  this  purpose  they  are  immersed — a 
rge  number  at  a  time — in  a  strong  pickle  of  sulphuric 
id  contained  in  a  wooden  or  lead-lined  bath  heated  by 
*am*  To  facilitate  the  action  of  the  acid,  a  little  saw* 
1st  is  placed  between  e«ch  sheet,  and  in  about  twenty 
iuutes  the  operation  will  be  finished.  They  are  then 
moved  to  wasliing  tanks,  where  they  are  well  rinsed  in 
5sh  water. 

The  pickled  plates  are  next  piled  up  in  air-tight  iron 
ixes,  capable  of  containing  a  large  number  of  them,  and 
wisferred  to  a  reverlieratory  furnace,  in  which  they  are 
mealed  by  heating  to  redness  for  about  10  or  12  hours, 
be  object  of  this  annealing  is  to  bring  the  plates  to  the 
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i%lii  ^ti^^nHMmk  tD  tmke  the  praps  poiidi  or  cmlftce  in  die 
ficxt  opfBlioii  of  iiiffiDi^  The  pbtes  aie  allowed  to  i^ 
■Miim  in  tlM^  Miafmling  fttmace  imtil  the?  I^tc  entirdf 
eookd  oC^  wfaea  dier  will  be  faand  to  have  acquired  a 
pQrplish  color  from  a  film  of  oxide  oct  the  sndace,  and  to 
hare  beeooie  quite  soft. 

The  qaalitT  of  the  finished  tm-plates  will  depend  ven 
lazgelT  upon  the  maiiiier  in  wfaicfa  the  succeeding 
opetatioii  of  "cold-roUin^**  is  dooe..  This  consists  in 
panhig  them  diroi^  aeveml  (usually  three)  pairs  of 
pfdidied  steel  roDen.,  to  gire  them  a  anooth  and  erm 
ioifiiee  befofe  thej  are  titiDed.  Thejr  are  next  annealed 
m  secxKEid  time  in  the  same  manner  as  before  described 
for  a  period  of  about  6  or  8  hours,  to  soften  and  toughen 
the  sheets. 

Before   they  are  fit  to  accept   the  tin,  the    annealed 
platt^  must  again  be  pickled,  to  reraove  the  thin  skin 
of  oxide  that  has  formed  upon  them  during  the  last  two 
operations  of  rolling  and  annealing.     They  are^  therefore^ 
immersed  again  for  about  ten  minates  in  a  warm  pickle 
of  sfulphuric  acid,  but  considerably  weaker  than  that  use 
at  first.     This  operation  is  called  *Mvhite  j>irklini7-"  t 
distinguish  it  from  the  first,  or  ***  black  picklinj: 

From  this  pickle,  the  sheets  come  out  quite  clean  of 
scale;  they  are  thereupon  washed  and  scoured  with  sand, 
and  placed  in  vats  containing  fresh  water  to  protect  them 
from  further  oxidation,  until  they  are  taken  to  the  tin 
bath.  We  have  drawn  freely  from  various  authorities  in 
the  following  description  of  the  apparatus  and  applian 
which  are  necessary  for  tinning  iron.  These  are  ternie< 
set  of  pots,"  wliich  are  placed  in  brickwork  with  fire 


a 


places  below  the  ground,  the  flues  from  which  work  intcj 
a  large  open-mouthed  chimney  or  stack,  about  45  feet 
high  (one  for  each  set),  which   serves  to  carry  oflF  the 
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loke  from  the  fires,  the  fumes  from  the  metal,  and  the 
rtife  from  the  gicase. 

I'he  set  of  men  for  each  set  of  pots  consists  of  a  tin- 
1,  a  washman,  a  grease  boy,  and  three  girls  employed 
for  rnbbing,  dusting,  and  polishing  the  sheets. 

From  the  water  ttinks  the  cleaned  plates  are  taken  to 
the  tinning-room,  where  they  are  either  dipped  at  once  to 
the  number  of  about  340  at  a  time  into  a  bath  of  melted 
tin  covered  with  three  or  four  inches  of  tallow,  heated  to 
near  the  inflaming  point  of  tlie  tallow,  in  which  they 
are  allowed  to  remain  for  an  hour  and  a  half  or  longer 
according  to  their  thickness,  when  they  are  removed  and 
placed  upon  an  iron  giating  to  allow  the  superfluous  tin 
to  drain  off  (liloxam,  Metals^  etc,^  146);  or,  they  are  first 
immersed  sheet  by  sheet  into  a  bath  of  melted  palm-oil 
in  order  to  remove  the  moisture,  to  heat  the  iron  and  pre- 
pare the  sheets  lor  coating;  then  taken  from  the  oil  witli 
tongs,  and  immersed  in  the  molten  tin,  where  they  remain 
for  20  minutes,  *^  the  tinman  constantly,  by  means  of  his 
tongs,  opening  and  re-opening  the  pack"  to  insure  the 
contact  of  the  metal  with  every  part  of  the  immersed  sur- 
aces.     (Flower,  Hision/  of  Tln^  etc.^  169  etaeq.) 

When  the  coating  of  tin  is  thought  to  be  sufficient, 
they  are  removed  and  ''  washed,"  a  process  which  is  in- 
tended to  impart  a  uniform  smooth  surface  to  the  plates, 
and  which  in  its  most  improved  form  is  thus  described: 
The  plates  are  removed  by  the  tinman  and  handed  to 
the  washman  "  who  is  working  close  to  him ;  the  wash- 
man  tumbles  them  into  a  pool  or  pot  of  tin,  to  keep  them 
hot  till  he  is  ready  for  them;  then,  removing  them  in 
batches  of  about  30  sheets  at  a  time,  he  places  them  upon 
the  hob  (a  flat  iron  plate) ;  then,  with  a  hempen  brush 
in  one  hand  and  a  tongs  in  the  other,  with  the  right 
hand  he  brushes  over  the  sheets,  first  on  one  side,  then 
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iand  melts,  when  the  plate  is  reinoved,  struck  a  smart 
blow  with  a  stick,  and  the  superfluous  metal  drops  otf. 

The  process  described  by  Flower,  of  which  there  are 
several  modifications,  has  decided  advantages  over  the 
older  metliod. 

After  the  above  described  operations  it  only  remains 
to  rub  the  plates  with  bmn  to  remove  the  adhering 
grease,  to  polish  them  with  sheepskins  on  an  iron  table 
covered  with  sheepskins,  and  then  to  sort  and  box  them, 
when  they  are  ready  for  the  market, 

Tui-plate  is  made  to  a  limited  extent  in  Germany  and 
France,  but  the  principal  seat  of  the  manufacture  is  in 
Wales,  whence  enormous  quantities  are  annually  exjiorted 
t<i  all  parts  of  the  world,  the  United  States  being  by  far  the 
largest  consumer — having  in  the  years  1871  to  1883  in- 
clusive, imported  it  to  the  value  of  §172,670,121. 

It  is  used  here  in  large  quantities  in  the  manufixcture  of 
a  great  variety  of  kitchen  utensils,  platters,  cups,  pots,  etc.  ; 
the  canning  of  foofl  products,  oysters,  fish,  meats,  and 
fruit — industries  oi'great  magnitude  in  the  United  States — 
employ  vast  quantities  yearly,  while  considerable  quanti- 

1  ties  are  consumed  for  roofing  and  analogous  uses.  For 
roofing,  however,  a  quality^  known  as  "''terne'*  plate  (from 
the  French,  (erne,  dull,  tarnished)  is  better  adapted. 
These  plates  are  coated  with  a  mixture  of  tin  and  lead,, 
the  ttjating  is  heavier,  and  is  not  so  readily  corroded  by 
exposure  to  the  weather  as  pure  tin-plate.  Other  alloys, 
in  which  lead  enters  largely,  are  used  in  coating  sheet- 
iron,  but  the  processes  require  no  special  desrription. 
Kitchen  utensils  of  copper,  such  as  sauce-pans,  stew-pans, 

letc.,  should  invariably  be  tinned,  because  of  the  poisonous 
qualities  of  cojiper,  which  is  readily  dissolved  in  small 
quantity  in  many  of  tlie  acids  and  oils  or  fats  used  in  the 
preparation  of  articles  of  food.     The  metal  (copper)  ac* 


5*«  tiJLTjLjiiKjenr  KA53^:^.*nLS53- 

'  ■  -  ~ 1-        *  t -  _  ^ 

CXiit*^     '.'^    irr'i."JI-Z.    hZii    ZU^:*i'Zi'ZZ^   Side    'sai-*IliS>jCilC 

r —  _  -w-.n  Tr  "'^  iTrt-i  r-i^in-  irrTitzu:  L^^n.  "^r-iil  tiie  tin  ii 

&  pbi  :•:  *:Tr.  ::  lH  -w^ij:  r  ::  fTre:^.!  iili>ziiu\  by  txun- 
ii-Z  tirr  '-es*^!  L :•:•"•-  <!  L<-:r:c  iiiCc^-wiire  is  coottd 
'wj'i  r_L  _^  w-_ -Krk-  ^-^"t  tit  St  Hit  riizJirT-  ^i^irh  sodi 
T.e><i^l--  1 .  ^  -'  tt.  :c  i  '■:•:  .ji:  >:  i!!^^  r>:i^ti::-rss  of  the  invt' 
rxT-  ::  >  : -**:  r_ir;  ::  rfzi'-.Tr  l  "rr-^  siivin^r  in  the  lathe. 
wiVl  if.ri*  I.:*:  iiJ^;  i  <z:>:«:L  >:ir£i*:ie- but  OQe  alio  thit 
ctL.  '-•r  •►^rrt:  :i-^i:iv:-i.  ArTirr  ^iX-iiTLz^  w-th  sand,  they 
aoTip-x^  i  'rrr  -=.>::!  iisiizj:  ::'  tn^  with  the  aid  of  duxes 
aj:c  im-e^ill.:  :^.  T«lt-  lr-j>>I  m-  tLe  nieliing  point  of  the 

I::  •:•:>?:  :.  inturr  iir^itrr  i-:r:ir.H::T  to  the  coating  of 
tin  s.i.i  r-:.i-r  ::  1^--  :-:-::  It.  esiet  ially  for  hoiiow-ware, 
v.L'-v  ir."  ::.•  :*  :. .'  t  :  :::»-v-i  :j.t  ziLxturv  with  it  of  other 
iLvVil-.  *x.r..:i  •''':  :.-:••  5^  "  ./•-  '3>5..  proposes 
lii:  all  7-1  ':'^-  "  *"  *  -  ::  nl-kvl.  Buir  and  Lam- 
m^t*. :.  ^V_-Lv:.  //  -  '.  ■  ■'  .  7^;  v.  Tt3)  add  about 
^V  '^•l'  M'^r:;!  :  :':.-  :::: .  i- i  ::.-  l^-t-nanied  has  patented 
the  uvr  .:  .r.  :ill  ;.  :  1  w.r.<  r:  rji.  1  of  nickel,  and  ^  of 
bismuth. 

As  an  :nv:--::r.^-  :.:::.::  n.ay  c<- mentioned  that  the 
steam  -vii.t  ;•:  hj;-  '».::  intr.-iict-d  to  some  extent  to 
cleanse  rti-T-ir-.n  ":.  11  >w-\\  j^r-y  previous  to  tinning  (Journal 
FrattkUn  /,..*.>»%.  oi  >rr.  Ixi.  1^3.. 

Moir^e  Mtt^ui'^i  1. — T'no  <urface  of  tin  plate  may  be 
given  the  beaurilid  spanglcni  appearance  known  by  the 
above  name,  by  treatment  with  a  warm  mixture  of  2  parts 
of  hydrochloric  acid,  1  part  of  nitric  acid,  and  3  parts  of 
water.     Similar  effects  may  be  produced  by  using  common 
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or  sal-am m oil iat%     The  solution  mtiy  be  applied  to 
le  surfaces  to  be  ^'  moh-^ed/'  with  the  aid  of  a  sponge 
pad  of  tow  dipped  in  the  warm  liquid,  and  followed  by 
thorough  washing  in  water ;  or  the  tin  surface  may  be 
loistened   with   the   liquid,   then   heated,   and  suddenly 
>led  by   immersion   in  cold    water,     liloxam   {Meiah, 
tc.^  148)  suggests  that  **  the  moire  may  be  greatly  diver- 
ied  by  heating  the  plate  before  applying  the  acid,  and 
>ling  it  irregularly  by  sprinkling  water  over  it,  or  by 
iirecting  the  blowpipe  flame  over  its  surface  before  wet- 
ting with  the  acid,-*     The  result  of  this  treatment  is  to 
Hlissolve  away  the  sm*x)th  surface  of  the  tin,  and  to  exjxyse 
the  crystalline  structure  of  the  underlying  metal.     When 
■broperly  done,  the  ''  spangles"  thus  developed  are  of  large 
^ize,  intersecting  each  other  in  the  most  fimtastic  fiishion, 
giving  to  the  surface  of  the  metal  a  fine  niother-of-|M»arl 
lustre.     This  process   is    made  to  serve  for  a  variety  of 
decorative  uses.     The  beauty  of  the  moire  is  enhanced 
by  covering  it  w^ith  transparent  culored  varnishes. 

Remvery  of  Tin  from  Tliniers*  Wanie, — The  amount  r>f 

tin  wasted  in   the  form  of  clippings,  old  cans,  and  other 

^vessels,  represents  an  enormous  annual  loss,  since  tlius 

Wkit  none  of  the  processes  suggested  for  the  recovery  of 

^he   metal   have    proved    profitable,    consequently    when 

a  tinned  article  has  served  its  puri)ose,  it  is  consigned  to 

the  waste  heap,  and  the  tin  still  remaining  upon  it,  which 

represents  nearly  all  that  was  orignally  put  on,  is  lost. 

The  money  value  of  the  metal  that  is  wasted  annually  will 

be   practically  represented   by   tlie  value   of  thc^  annual 

riroduction,  wliich  reaches  into  millions  of  dollars.     It  is 

Kingular  to  note,  that  while  notliing  is  allowed  to  go  to 

waste    in    the   electro-plating   establishment,    and    while 

iron,  copper,  brass,  etc.,  that  have  served  their  respective 

uses,  find  their  way  back  into  the  furnaces  or  the  melting- 
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pot,  the  valuable  tin  in  the  form  of  tinners'  waste  and  wom^ 
out  tin  utensils  is  all  practically  wasted*  It  is  scarcely 
probable  that  the  utilitarian  spirit  that  is  no  pronounced 
in  our  industrial  communities  will  long  suffer  this  di«* 
creditable  condition  of  things  to  exist,  and  a  practical 
solution  of  the  problem  of  utilizing  tin  waste  will  doubt- 
less sooner  or  later  be  found. 

Of  the  many  processes  that  have  been  attempted  for 
this  purpose,  only  two  seem  to  have  given  any  promise  of 
success,     AVe  refer  to  them  briefly  as  a  matter  of  record. 

One  plan  consists  in  dissolving  off  the  tin  in  hydro- 
chloric acid,  and  throwing  do\ni  the  metal  with  the  aid  of 
granulated  zinc.  The  tin  is  precipitated  as  a  metallic 
powder,  which,  after  the  solution  of  any  surplus  of  ziat% 
may  be  collected,  washed,  melted,  and  run  into  ingots. 
This  process  involves  the  fonnation  of  zinc  chloride,  for 
which  there  is  but  a  limited  demand,  and  much  of  which 
would  therefore  be  wasted. 

By  another  plan  the  tin  scrap  is  roasted  in  a  funiace 
with  free  access  of  air,  wliich  oxidizes  the  layer  of  tin* 
The  scrap  is  then  removed  from  the  furnace  and  the  fil»^ 
of  oxide  of  tin  is  shaken  off  by  a  simple  mechanical  pr*^ 
C4?dure,  and  smelted  with  otlier  tin  ore ;  or,  treated  wit 
sulphuric  acid,  which  takes  up  the  oxide  of  iron  raix<^ 
with  it,  and  leaves  the  tin  behind.  The  latter  ma 
then  be  regained  by  the  usual  reduction  process.  Th 
iron  scmp  left  behind  by  the  roasting  process  may  be  uti 
lized,  and  the  sul]>liate  of  iron  (green  vitriol)  resulting 
from  the  purificiitioii  of  the  mixed  oxides  may  be  crystal- 
lizcd  and  sold  as  such,  or  disposed  of  to  the  chemical  f 
manufacturers,  who  may  gain  the  sulphuric  acid  by  distil- 
lation, w'hile  the  residue  in  the  retorts  may  be  utilized  in 
the  manufacture  of  Venetian  red.  This  procediu^e  is  the 
most  complete  that  has  yet  been  devised. 
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Other  plans  involve  the  treatment  of  the  serap  with 
lustic  alkali,  and  the  production  of  stannate  of  sodium, 
rliich  is  largely  used  in  dyeing  and  calico  printing. 
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GALVANIZING  BY  IMMERSION  IN  MOLTEN  ZINC. 

This  is  the  name  pvcn  to  the  process  of  coating  metals, 
Isually  wrouf^tit  and  east  iron,  with  a  coating  of  zinc,  by 
taimersion  after  suitahle  preparation,  in  a  bath  of  the  lat- 
er metal  maintained  in  a  state  of  fusion ;  it  is  therefore 
strictly  analogous  to  the  process  of  tinning  previously  de- 
scribed. 

I    The  object  to  be  attained  is  likewise  the  same,  namely, 

»  improve  the  appearance  of  the  coated  metal,  and  to 

protect  it  from  the  action  of  coiTOsive  agents. 

'    The  name  '^galvanized  irnn/'  npfdied  to  iron  thus  pre- 

spared,  is  somewhat  misleading,  since  it  would  seem  to 

imply  that  the  coating  was  effected  by  galvanic  agency. 

kt  is  intended  to  apply,  however,  to  the  nature  of  the  pro- 

lective  influence,  and  not  to  the  process. 

I    As  we  have  noticed  in  the  case  of  tinned  iron,  two  metals 

H  contact,  in  the  presence  of  moisture,  form  a  galvanic 

jouple,  and  the  result  of  the  galvanic  action  set  up  under 

hese  conditions  will  be  anak>gous  to  that  which  takes 

rtacein  a  galvanic  battery,  i.e.,  the  electro-positive  element 

rf  the  couple  will    be  dissolved  or  corroded,  while  the 

►lectro-negative  element  renuiins  unaffected  or  protected, 

no  long  as  the  action  continues,  the  intensity  of  the  chemi- 

feal  action  being  governed  by  the  relative  positions  of  the 
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Tin  and  iron  standing  some  distance  apart,  give  rise,  it 
was  stated,  to  a  decided  galvanic  action,  in  which  the 
iron  as  the  electro-positive  met^il  is  corroded  more  rapidlr 
than  it  woidd  be  if  un tinned.  With  zinc  and  iron,  the 
conditions  are  reversed,  zinc  is  positive  to  iron,  and  cons(N 
quently,  whatever  galvanic  action  is  set  up  by  their  con- 
tact in  the  presence  of  moisture  (or  other  excitant),  must 
have  for  effect  the  solution  or  corrosion  of  the  zinc  ami 
the  protection  of  the  iron. 

Zinc  and  iron,  however,  stand  so  near  to  each  other  in 
their  electrical  relations,  that  they  can  only  originate  the 
feeblest  galvanic  action.  We  must  look,  therefore,  for 
the  explanation  of  the  undoubtedly  excellent  protective 
influence  of  zinc  upon  iron  prhicipally  to  the  comparative 
indifference  of  zinc  to  the  action  of  air  and  moisture. 

ITnlike  tinned  iron,  '-'•  galvanized"  iron  resists  the  action 
of  the  weather  to  a  remarkable  degree.  The  zinc  surface, 
after  a  brief  exposure,  becomes  coated  with  a  thin  film  of 
oxide,  but  this  seems  to  adhere  tenaciously,  and  forming 
a  continuous  and  impenetrable  skin,  effectually  protects 
the  underlying  zinc  from  further  oxidation. 

So  long,  therefore,  as  the  zinc  surface  remains  intact, 
the  underlying  iron  is  effectively  protected  from  corrosive 
action,  but,  as  in  the  case  of  tinned  iron,  wherever  the 
zinc  coating  is  defective  or  has  been  removed,  there  the 
iron   is   oxidized.     When  immersed   in  water   the  zinc 
coating  is  soon  completely  oxidized  and  removed.     Salt 
water   acts   more   energetically;    and  even    the    sea-air, 
charged  as  it  is  with  salty  moisture,  is  rapidly  destructive 
in  its  action  upon  galvanized  iron  wares.     Under  ordi-^ 
nary  circumstances,  however,  where  it  is  simply  exposed 
to  the  weather,  a  good  coating  of  zinc  affords  an  excellent 
protection  for  iron,  the  latter  remaining  unaffected   for 
several  years,  being  in  this  respect,  therefore,  greatly  su* 
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[)erior  to  tinned  iron,  and  at  the  same  time  much  less 
mostly.  As  compared  with  tinning,  galvanizing  is  a  com- 
paratively new  industry,  having  been  introduced  in 
Europe  during  the  early  part  of  the  present  century,  and 
brought  from  England  to  the  United  States  less  than 
fifty  years  ago.  At  the  present  time  it  has  assumed  the 
proportions  of  a  great  industry  on  both  sides  of  the 
Atlantic. 

Sheet  iron,  for  architectural,  domestic,  and  miscellane- 
ous purposes,  pipe  for  gas  and  water  distribution,  rail- 
ings, awning-posts,  chains,  hoops,  and  bands,  wire  and 
wire  cloth,  park,  cemetery,  and  garden  furniture,  kitchen 
sinks  and  range  boilers,  buckets^  scuttles,  hods,  and 
numberless  miscellaneous  articles  of  cast  and  wrought 
iron,  described  as  small  hardware,  comprise  principally 
the  articles  that  are  galvanized. 

As  the  galvanizing  of  sheet  iron  is  one  of  the  principal 
branches  of  the  industry,  and  the  one  that  requires  the 
greatest  care,  a  description  of  this  operation  as  conducted 
in  American  works  will  answer  for  the  rest. 

Galvanizing  Sheet  Iron, — As  in  the  case  of  the  gal- 
vano-plastic  deposits,  so  in  ''  galvanizing,"  the  surface  of 
the  metal  to  be  coated  requires  to  be  freed  from  oxide 
and  impurities  of  every  description  before  it  will  take  a 
proper  coating  of  zinc.  The  preliminary  cleansing,  how- 
ever, does  not  require  to  be  done  with  such  extreme  care 
as  in  the  case  of  galvanoplastic  deposits. 

The  first  step  of  the  process  is  therefore  the  operation 
of  "pickling"  (/.  e.,  the  removal  of  the  black  scale). 
For  this  operation  there  is  usually  provided  a  stout,  rect- 
angular wooden  tank,  from  five  to  six  feet  high,  and  nine 
to  ten  feet  long,  and  wide  enough  to  accommodate  from 
100  to  200  sheets  at  a  time.  This  contains  the  pickling 
liquid,  commonly  commercial  sulphuric  acid,  diluted  with 
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from  ten  to  twelve  parts  of  water;  and  into  this  liquid, 
heated  by  steam,  as  many  sheets  are  immersed  (on  edgf) 
as  the  tank  will  accommodate.  In  from  one  to  two  houn 
the  scaling  of  the  iron  is  effected,  a  workman  or  two 
all  this  time  industriously  wedging  the  individual  shwfe 
apart  with  suitably  contrived  tongs  to  insure  the  penetra* 
tion  of  the  pickle  to  all  the  sheets.  This  done,  the  shi-eU 
are  withdrawn  from  the  pickle  tank  and  transferred'to 
large,  shallow  washing-vats  of  wood,  in  which  they  are 
washed  in  a  stream  of  fresh  water*  They  are  next  buV 
jected  to  an  inspection,  in  order  that  any  obstinately  nA* 
hering  particles  of  scude  or  cinder,  tliat  the  acid  may  have 
failed  to  take  off,  may  be  removed.  For  this  purpose  they 
are  passed^  one  by  one,  to  a  bench  or  table,  where  a 
workman,  armed  with  a  stiff  brush  and  a  triangular-shaped 
steel  scraper,  carefully  examines  each  sheets  and  removes 
such  pa  tell  es  of  scale  as  may  yet  adhere  iu  spots  upoo 
the  pickled  sheet.  From  bis  Jiamls  they  pass  into  a 
second  shallow  tank  filled  with  clean  w^ter  (which 
should  properly  he  renewed  from  time  to  time),  and  in 
wbich  they  are  allowed  to  remain  for  12  or  24  hours. 
Tlic  purpose  of  this  w^asiiing  is  to  remove  all  traces  of 
sulpluuicacid  and  basic  sulphate  of  iron  from  the  pickN 
sheets,  the  retention  of  which  would  otherwise  act  inju- 
riously upon  the  character  and  the  durability  of  the  zinc 
coating.  In  order  that  the  work  may  go  on  contiuuonslvT 
several  of  such  water  tanks  must  be  provided,  so  that  a 
lot  of  iron  shall  always  be  ready  for  the  next  operatioa. 
This  is  termed  "  clearing,"  ai>^  consists  in  immersing 
the  sheets  from  the  water  tanks,  for  a  few  minutes,  in 
commercial  muriatic  acid  contained  in  a  fiat  wooden 
tank  like  the  water  tanks  above  described.  This  treat' 
ment  removes  every  trace  of  oxide  from  the  sensitive  iion 
skin,  forms  a  thin  layer  of  cliloride  upon  it,  and  renders 
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le  iron  insensible  to  oxidizing  influences  during  its  subse- 
ent  manipulation*     From  the  deariug  tank,  the  sheets 

e  arranged  on  edge  in  a  nick,  to  keep  tliem  from  touch 

g  each  other  (which   rack  is  commonly  mounted  on   a 

ick),  and  rolled,  twenty-five  or  more  at  a  time,  into  a  dry- 
ing chamber.  In  about  twenty  ininiitcs  or  half  an  hour 
hey  are  removed,  and  are  then  ready  for  dipping.  The 
;alvanizing  pot  for  sheet-iron  work  is  a  rectangular  vessel 
f  heavy  boiler  plate,  riveted  in  the  most  substantial  nnui- 
ter,  about  four  feet  deep  and  twelve  feet  long  and  fifteen 
aches  to  two  feet  w^ide,  and  capable  of  containing  from 
tventy  to  thirty  tons  of  zinc.  Its  bottom  rests  upon  solid 
aasonry,  the  brickwork  being  carried  up  about  it  on  all 
ides,  provichng  a  fire  space  all  about  tlie  sides  of  the  pot, 
iy  which  the  metal  in  kept  in  a  molten  state,  and  its  tem- 
perature regulated  to  a  nicety  with  the  aid  of  draft  spaces 

pened  or  closed  by  removing  or  inserting  bricks  provided 
br  the  pur[>ose.  The  temiierature  of  the  zinc  bath  is  a 
natter  of  vital  importance  to  the  quality  of  the  work,  and 
>f  great  economical  importance,  and  it  is  here  that  the 
kill  and  experience  of  the  workman  tell  strongly.  For 
"sheet-iron  work  tlie  heat  of  the  bath  is  kept  at  about 
_1000^  Fahr. 

The  zinc  being  of  the  right  heat,  a  thin  centre-plate  of 

'on  is  put  in  position,  its  edge  dipping  slightly  beneath 
he  surface  of  the  zinc,  and  dividing  the  bath  longitudi- 

ally  into  two  parts.  The  object  of  this  contrivance  is  to 
nsure  that  the  sheets  when  dipi»ed  and  passed  to  the 

ther  side  of  the  batli,  shall  be  completely  immersed  in 
ihe  melted  metal  This  object  is  also  accomplished  by 
Irawing  the  sheets  througli  the  batli  by  means  of  a  pair 

f  rollers  submerged  in  the  molten  metal.  They  are 
lassed,  one  by  one,  into  the  metal,  guided  beneath  the 
jentre-plate,  and  as  they  emerge  on  the  other  side,  seized 
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at  one  end  by  an  iron  gripper  and  drawn  throngli  a  layor 
of  sand  strewn  on  the  isuriace  of  the  metal,  the  object  of 
which  is  to  remove  all  the  snpei-fliious  metal.  The  oi^era- 
tions  of  dipping  and  drawing  proceed  at  about  the  rale 
of  one  sheet  per  minute.  In  the  setting  of  the  zinc  coat* 
ing,  which  takes  place  almost  instantly  after  the  with- 
drawal of  th(^  sheet  from  the  bath,  the  Ix^antiful  crystal' 
lization  of  the  metal  ensues,  which  is  so  much  admired. 
This  ap|>earanee  is  known  to  the  trade  as  spangling,  and 
much  attention  is  given  to  tbe  prelimhiary  preparation  of 
the  iron,  just  described,  upon  the  proper  performance  of 
which  the  size  and  beauty  of  the  spangles  are  largelj 
dependent.  * 

From  time  to  time,  as  the  sheets  are  dipped,  a  handfui 
of  sal-ammoniac  is  strewn  upon  the  surface  of  the  metal 
bath  for  the  purpose  of  clearing  it  of  oxide,  and  insurioj? 
a  perfect  contact  of  the  clean  metals  with  each  othei^ 
Sometimes  the  centre-plate  and  sand  are  dispensed  witbi 
and  the  sheets  are  ''dipped  bright.'* 

From  the  bath  the  sheets  pass  to  the  rolls  to  b^ 
straio:htened;  next  they  are  bundled,  tlien  weighed  aut^ 
stanii>ed,  and  are  now  ready  for  shipment  or  use.  Accord-^ 
ing  to  the  size  of  the  sheets,  the  task  of  a  *'  gang"  in 
charge  of  a  pot  such  as  here  described  will  vary  from  400 
to  H(M)  per  day  often  hoiu's. 

With  cast-iron  and  general  jobbing  work,  the  process 
is  substantially  the  same.  Owing  to  its  greater  irapurit)' 
liowever,  objects  of  cast  iron  require  a  much  longer  period 
of  immersion  in  the  metal  than  sheet,  which,  as  we  have< 
learned,  takes  the  coating  instantly.  Some  time,  too,  is 
required  with  large  and  heavy  castings  before  they  become 
heated  to  the  temperature  of  the  zinc  bath,  whicli  is  neces- 
sary before  the  amalgamation  will  ensue.  Castings  require 
on  these  accounts  an  immersion  of  from  fifteen  to  thirty 
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rainutes.  Where  small  castings  can  be  "  tumbled,"  and 
thus  deprived  of  much  of  their  adhering  scale  and  sand, 
it  is  frequently  unnecessary  to  pickle  them  in  the  manner 
here  descril)ed.  In  such  cases,  they  are  simply  cleaned 
by  a  few  minutes'  immersion  in  muriatic  acid,  and  dipped. 
On  the  other  hand,  CH)mmon  rough  and  unfaced  castings 
require  much  time  and  attention  to  scale  and  prepare  them 
for  the  zinc  hath.  Where  the  articles  are  small  enough,  a 
lot  of  them  is  placed  in  a  peribratcd  iron  ladle  with  a  long 
handle,  and  dip|>ed,  with  occasional  shaking,  until  they 
have  taken  a  proper  coating.  They  are  then  removed 
from  the  ladle  singly  with  tongs,  the  surplus  metal 
being  knocked  off  as  they  are  taken  out.  Iioo]>iron  and 
wive  are  pas^sed  tlirough  the  zinc  from  a  reel  at  a  uniform 
speed.  Wire-cloth  is  beaten  as  it  comes  out  to  remove 
the  superfluous  metal  that  would  otherwise  clog  up  the 
meshes* 

A  matter  whicli  seriously  troubles  tlie  galvanizcr,  and 
which  entails  considerable  pecuniary  loss  to  him,  is  the 
formation  of  w^liat  is  technically  known  a^  dross.  This  is 
an  alloy  of  zinc  and  iron,  which  is  formed  in  the  zinc  bath, 
partly  by  the  solvent  action  of  the  zinc  on  the  iron  of  the 
pot,  but  chiefly  from  the  iron  articles  dipped,  and  from  the 
dripping  off  of  the  superfluous  amalgam  as  they  come  from 
the  bath.  This  alloy  carries  from  90  to*  95  per  cent,  of 
zinc  and  from  5  to  10  per  cent  of  iron  and  other  impuri- 
ties. Tt  has  a  higher  point  of  fusion,  and  a  higher  specific 
gravity  than  zinc ;  hence,  as  it  is  formed,  it  gradually 
forms  a  mushy,  more  or  less  granular,  accumulation  in  the 
hath.  While  the  w^ork  is  going  on,  the  agitation  of  the 
metal  stirs  up  the  accumulated  dross,  and  keeps  it  float- 
ing tlirough  the  liquid  zinc,  and  as  it  greatly  interferes 
with  the  smoothness  of  the  work,  it  must  be  removed  from 
time  to  time.     This  operation,  called  "  drossing,"  is  per- 
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fbnned  with  a  large  perforated  iron  ^locin  €ir  ladle^  throiigli 
the  openiBgft  of  which  the  fluid  zinc  racs  off,  while  the 
dross  isretainedt  packed  into  shallow  moulds  50  as  to  fom 
filabs  of  about  seven  tr-five  pounds  weight,  and  in  this  firan 
19  usually  sold  to  the  smelters  and  refiners^  who  gain  the 
zinc  it  c3on tains  either  by  distillation  or  by  special  patented 
procedures  I  The  forroation  of  this  *^  drosa*'  is  a  ierious 
item  of  loss,  amounting  in  some  establishments  to  as  much 
as  30  per  cent,  of  the  w  hole  amount  of  zinc  used,  thotigb 
on  the  avemge  it  will  not  exceed  25  per  cent. 

The  simplest  method  for  treating  this  alloy,  by  whidl 
much  of  the  zinc  it  carries  may  be  gained,  consists  in 
melting  it  in  a  sepsimte  iron  pot,  usually  a  capacious  iron 
pot  of  circular  form,  and  allowing  it  to  cool  slowly  and 
without  disturbance.  The  upper  layers  of  the  metal,  whirh 
may  be  skimmed  off,  will  be  found  to  consist  of  nearly 
pure  zinc.  In  this  way  a  large  quantity  of  metal  may  be 
regained  from  the  dross  and  used  again.  The  bottoras, 
rich  in  iron,  maybe  disposed  of  to  the  refiners,  Bloxam, 
(Metals,  etc.,  167)  describes  a  similar  piT>cess  in  which  the 
dross  is  melted  in  a  separate  pot,  and  allowed  to  cool 
slowly  from  the  bottom  upwards,  **  where  an  alloy  of  9j 
parts  of  iron,  with  90^  of  zinc,  is  dejiosited  in  cr}staK 
which  are  removed  by  a  jK^rforated  ladle,  and  the  hquid 
zinc  is  left  much  purer.  The  crystallized  alloy  is  distUleil 
to  recover  the  zinc." 

To  prevent  the  adhesion  of  the  dross  to  the  bottom  of 
the  pot,  as  well  as  to  facilitate  its  removal  therefrom,  in 
the  manner  above  described,  it  is  customary  to  introduce 
a  small  quantity  of  lead  into  the  zinc  bath.  This  metal 
does  not  alloy  with  zinc  or  iron,  and  by  reason  of  its 
greater  density,  it  sinks  to  the  bottom  of  the  [Jot,  forming 
a  liquid  cushion  on  which  the  dross  and  other  heavy  im- 
purities float. 

To  lend  additional  whiteness  to  these  galvanized  wares, 
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some   operators   introduce   from    time   to   time  a  small 
quantity  of  tin. 

The  spent  "  pickle"  (sulphuric  acid)  is  collected  in  large 
vats,  and  disposed  of  to  the  manufacturers  of  sulphate  of 
iron  (green  vitriol). 


CHAPTER  LXVII. 

BRONZING — BRONZING    ON     MEDALS — ANOTHER     FORMULA 

BRONZING  ON   ZINC GREEN    OR   ANTIQUE  BRONZE — BLACK 

BRONZE BRONZE  POWDERS  OR  BRONZINES. 

Bronzing, 
This  operation  is  intended  to  give  to  new  metallic  ob- 
jects, the  appearance  of  old  ones,  by  imitating,  as  far  as 
practicable,  either  by  simple  coatings  mechanically  ap- 
plied, or  by  chemical  means,  the  characteristic  appearance 
imparted  by  age  and  atmospheric  influence  to  metals,  or 
metallic  compounds,  and  especially  to  copper  and  its 
alloys.  According  to  the  composition  of  the  metal,  and 
also  according  to  circumstances,  this  oxidization  results  in 
the  production  of  a  great  variety  of  colors,  tones,  and 
shades,  which  the  operator  tries  his  best  to  imitate.  We 
shall  not  give  a  complete  description  of  the  art  of  bronz- 
ing, since  there  are  special  treatises  on  the  subject,  which 
may  be  profitably  consulted  by  those  who  desire  to  obtain 
a  great  variety  of  colors  and  shades ;  but  we  shall  mention 
two  or  three  processes  which  will  be  easily  applied  by 
galvanoplastic  operators  to  the  various  articles  of  their 
manufacture,  and  especially  to  medals.  The  following 
formulae  are  from  Roseleur : — 

Bronzing  on  Medals.     (Roseleur.) 
The  most  simple  is  obtained  by  applying  with  a  brush 
upon  the  cleansed  object  a  thin  paste  made  of  water  with 
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equal  parts  of  pliimbag-ti  auil  licmatite  (red  oxide  of  iroi^V 
Tlie  whole  is  heated,  and  \vhen  the  ohjeet  is  entirely  coXA* 
it  is  bruslied  in  every  directiou  and  for  a  long  time  wi^lA 
a  moderately  stiff  brush,  which  is  frequently  ]>a8sed  ov^er 
a  hlof  k  of  yellow  wax,  and  afterwards  upon  the  mixti»^re 
of  pInndjaLCo  and  hematite.  This  jn^ocess,  which  is  ve—  TV 
similar  to  that  used  at  the  Paris  Mint,  gives  a  very  brijc^Ti^ 
and  red  bronze,  suitable  for  medals. 

This  bronzing  may  also  be  produced  by  plunging  I  r3i^ 
article  into  a  mixture  of  equal  parts  of  pereldoride  a^^*^ 
pernitrate  of  iron,  heating  luitil  these  salts  are  entire--—^' 
dry,  and  finally  producing  friction  with  the  waxed  brus 
as  above  explained. 


.Iv 


d 


Rite 


•n^ 
'j^^ 


Aiioiher  Formula,     ( RmeJeur,) 

Cleanse  the  article,  and  wash  it  over  with  hydrosulphaj 
of  ammonium  (sulphide  of  ammonium),  which  is  allows "^'^H 
to  dry  entirely ;  then  brush  with  the  hematite  and  plntr^  ^^*^ 
bapo  mixture,  and  afterwards  with  the  waxed  brush. 

If  the  piece  impregnated  with  hydrosulphate  ofaram*-*^'^^ 
Ilium  be  gently  heated,  a  bhrck  bronze,  called  smokf/  hrmiz 
will  be  obtained,  which,,T)eing  uncovered  (lightened)  i 
certain  ])laees,  produces  a  good  effect.     This  last  bronzincr^ 
is  often  used  for  teakettles,  and  is  greatly  improved  1^^^    . 
biunishing.     Originally  it  was  obtained  (and  from  tlienr 
it  derives  its  name)  by  heating  copper  articles  over 
li«[htetl  bundle  of  wet  straw  or  hay,  and  it  was  necessar 
to  bm*nisli  the  surface  in  order  to  cause  the  oxide  to  pen€ 
trate  the  metaL 

Bronzing  mi  Zinc,     {EosehnrJ) 

The  znw  which  is  to  be  bronzed  must  receive  a  prelimi- 
nary electr€>-deposit  of  brass,  and  it  is  then  dipped  into  a 
weak  solution  ol'  sulphate  of  copper,  if  we  desire  a  red 
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tinge.  When  dry,  it  is  wetted  with  a  rag  dipped  into 
hydrosulphatc  of  ammonium,  or  a  solution  of  liver  of  sul- 
phur (pentasulphide  of  potassium),  or  protochloride  of 
copper  dissolved  in  hydrochloric  acid.  After  another 
drying,  the  surface  is  brushed  over  with  a  mixture  of 
hematite  and  plumbago,  or  carbonate  of  iron  and  plum- 
bago, according  to  the  tone  desired.  The  brush  may  be 
slightly  wetted  with  essence  of  turpentine,  which  aids 
the  adhesion  of  the  powders.  The  parts  in  relief  are  set 
off  (strongly  rubbed),  in  order  to  uncover  the  brass,  and 
raake  it  appear  as  if  it  had  been  subjected  to  much  wear. 
The  object  may  afterwards  receive  a  coating  of  colorless 
varnish. 

Green  or  Antique  Bronze,     {Roseleur,) 

Dissolve  in  100  parts  of  acetic  acid  of  moderate  con- 
centration, or  in  200  parts  of  ordinary  strong  vinegar,  30 
parts  of  carbonate  or  hydrochlorate  of  ammonium,  and  10 
parts  each  of  common  salt,  cream  of  tartar,  and  acetate 
of  copper,  and  add  a  little  water.  When  an  intimate 
mixture  has  been  obtained,  smear  the  copper  object  with 
it,  and  let  it  dry  at  the  ordinary  temperature  for  twenty- 
four  or  forty-eight  hours.  After  that  time,  the  object 
will  be  found  to  be  entirely  covered  with  verdigris,  which 
presents  various  tints.  Then  brush  the  whole,  and  es- 
pecially the  reliefs,  with  the  waxed  brush.  If  necessary, 
the  highest  reliefs  are  set  off  with  hematite,  or  chrome 
yellow,  or  other  suitable  colors.  Light  touches  with 
ammonia  give  a  •blue  shade  to  the  green  i)ortions,  and 
carbonate  of  ammonium  deepens  the  color  of  the  parts  on 
which  it  is  laid. 

A  variety  of  bronzing  liquors  are  to  be  found  in  the 
trade  bearing  the  name  of  acid  bronzes  or  water  bronzes. 
They  are  applied  with  a  brush. 


Ox:il7r:-i  ^It^tIlj:.  i-i  thv  deep  black  with  ammonia 
and  blu-r  i-^r-r-s-  uLi^b  were-  .ir-^ribed  in  Oiapter  XLI.. 
famish  i  n^r  '"li'ik  ":r:-2e  miKh  in  fevor  of  late  years. 
A  4^*?^'  f*^'  *i^  >  ni-r^  ei^ily  obtain  c-d  by  moistening  the 
oc'prier  ar::- les  «:::.  -^  diluti^xi  i-ilution  of  chloride  of 
plarinum.  :ir-i  >lL:h:I}  h-^atin^.  This  bronze  will  some- 
tim€-s  sc^Iv  or  ":•}  :»/::•::.  I:  i-^  a!<-5  obtained  by  plunging 
the  cl»<ar.^^i  o>p:>:r  into  a  weak  and  warm  solution  of 
chloridv  of  rintin.vny  ••'^rrer  of  antimony)  in  hydrochloric 
acid-  But  it  hi:»7in<  s-^nittimt-s  that  the  coloration  is 
Tiole:  in>t^::;.:  kI  Mj^ck. 

Thop.'  arv  als-:*  fi'.ind  in  tht  trade,  bronze  powders  made 
of  bra'*"!'  in  un  in->.ii>;'«'e  stutt-  of  division,  and  which 
present  t:.-  in^'-t  \ .-.n.'*:  ^b:id*.-.  acojrdini:  Xo  the  decree 
of  «»\i'-:i/;;*i  ::  \\ :.:'.:.  ::.-.  :riv>  iir:dtr:?x->  when  heated  in 
contact  ^\:::.  '■.■:    :::. 

r.'i*  ^  ■  r  :.z-  :•  -A /.^r-.  ■  r  ''r.-i./int-^,  an-  applitni  upon 
m.rtal^  :•.  :::.::-:-  *  :  :./i,  -r..:  ul^>  \\\^:^il  art:ck->  of  plaster 
of  Pari-i,  :.::  i  •  •  r  .:.,.»   \\  \r»-i. 

Th»  ::.•-:»  .  I  •  >  :.-::.  i-  i:::ir-]y  in»  i  hanittil.  After 
theo:»ji< :  :::i-  >* :.  :::■  :•  r  i^--«  leaned,  it  rtcoiws  a  thin 
coari::::  «'f  rivy  .iryi:  .:  \  ;:::>:..  w  hirli  :<  ailowt-d  to  Uconie 
ct-urly  .ir>'.  Ti:*  -r'  :./•  >'\A,:-r  i-  thrn  laid  upon  it  with 
a  lxidi:».r  lir>:.  ..r  «.vli»  rw:><.  i^:^,:  -rritLn-s  <roni:lv.  After 
drying.  ::i»- wii.ilr  :-iv\.:rvd  ^v::h  a  coat  of  trans|iarent 
and  colorlo--  varni-li.  T:.:-  ]»r.i<  r  ->  ovidtiitly  tills  up  the 
details,  and  i<  suited  «.'::ly  to  larije  pieces  which  are  iiu- 
jx-rfectly  tiuisheil.  >U(.li  as  ca<-in.">n  doirs  for  fireplaces, 
show^as4:*s.  cxniiniun  lanijis,  plaster  statues,  etc.  It  will 
not  do  for  galvanoplastic  reproihictious.  which  are  intended 
to  respect  the  smallest  details. 
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CHEMICAL  PRODUCTS  AND    APPARATUS   USED  IN 

THE  ART. 


CHAPTER  LXVIII. 

CHEMICAL  SYNONYMY. 

As  this  book  is  intended  especially  for  artists,  operators, 
and  amateurs,  the  majority  of  whom  are  not  conversant 
with  the  chemical  vocabulary,  an  enumeration  of  the  prin- 
cipal chemicals  used  in  galvanoplastic  and  electroplating 
operations  may  be  of  service.  By  consulting  this  table 
many  beginners  will  be  saved  the  expense  of  buying  sub- 
stances which  they  already  possess,  and  which,  in  the  book 
or  the  formula,  bear  different  names. 

Chemical  Synonymy. 

CHEMICAL  NAMES.  EQUIVALENTS. 

Acetate  of  copper  ....     Neutral  acetate  of  copper. 

Acetate  of  copper  (b.isic)      .     Verdi *;ris. 

Acetate  of  lead      ....     Sugar  of  lead, — salt  of  Saturn. 

Acetate  of  lead  (basic)     .     .     Extract  of  Saturn. 

Acetic  acid Tinegar,  when  very  diluted, — pyrolig- 

neous  acid,  when  extracted  from 
wood, — glacial  acetic  acid,  when  it 
congeals  at  a  few  degrees  above 
32°  Fah. 

Arsenious  acid White  arsenic, — arsenic,  ratsbane. 

Nitric  acid Spirit   of    nitre, — azotic   acid, — aqua 

fort  is. 
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H_rir:<T*r.::  *:  i  . 

Goll-sr  4:.i     .     .  . 

C*XAl*rf  *r  i    .     .  . 

Six:*.'  AJ.  i    .      .  . 
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UTir; 


a:  :■    -^ 

a:  .V  .-•  •-. 


a::  :  ^  .-  rr 

a:  J  V  ;  : 

a;:  V  ;/  r  V  .  •■ 

Ar:a.:^:i;> 

AU..1--JL  .       .        . 

Ar    =!-:r.T  .      .      . 

N  :r:i:^  :r  >..-      . 


K.':r:;  <<  •all-  , 

A-^2ik  ^^r-*- — cLkco-nirri*  acid. 


SJi  :a '{^ATZx — ilini- — ^I^x. — oxide 

Blr-.x: i-t  cc  tia. 

Mli  1  jirlr  *rld- — ^fal^iikapm^Ti  bjdro- 


A  .  :  v:   :-k-i-. 


*c:ri:  oc  salpbur. 


".-t:  ?-  j^,-:  V. 


!TlA-.»-r- 


?^vrru»  inr:aL<  -■::& 


V.  J- 


.  .rjir-.-ti^^sc:: — ^r  *  :ii>niaijs. 


F..  :•: 


:wr:r?v«  :>fi$mutl.. 
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CHKMICAL  NAMES. 

Nitrate  of  suboxide  of  mer- 
cury       

Nitrate  of  mercury      .     .     . 


Nitrate  of  copper   .     .     . 
Aurate  of  ammonium 

Biborate  of  sodium      .     . 

Caoutchouc 

Carbonate  of  [)otassium    . 


Bicarbonate  of  i>ota8sium 
Carbonate  of  sodium    .     . 

Bicarbonate  of  sodium     . 
Carbonate  of  calcium 


Sesquicarbonate    of    ammo- 
nium      

Carbonate  of  iron  .     .     .     . 
Chloride  of  silver  .     .     .     . 


Chloride  of  antimony  . 
Protochloride  of  tin  . 
Subcliloridc  of  mercury 

Chloride  of  mercury  . 
Perchloride  of  gold 

Perchloride  of  platinum 


EQUIVALENTS. 

Proto-or  subnitrate  of  mercury, — mer- 

curous  nitrate. 
Pernitrate  of  mercury, — acid  nitrate  of 

mercury, — mercuric  nitrate, — quick- 

ing  salt. 

Ammoniuret  of  gold,  —  fulminating 
gold. 

Borax, — borate  of  soda, — tincal. 

India  rubber, — gum  elastic. 

Subcarbonate  of  ))Otassa, —  potash, — 
pearlash. 

Saleratus. 

Subcarbonate  of  soda, —  soda  ash, — 
washing  soda. 

Baking  powder. 

Chalk, —  marble, —  limestone, —  Span- 
ish white, —  precipitated  chalk, — 
whiting, — carbonate  of  lime. 

Subcarbonate  of  ammonia, — carbonate 
of  ammonia, — sal  volatile. 

Spathic  iron. 

Horn  silver, — muriate  of  silver, — ar- 
gentic chloride. 

Butter  of  antimony,  —  terchloride  of 
antimony. 

Tin  salt, — muriate  of  tin, — hydrochlo- 
rate  of  tin. 

Calomel,  —  sweet  sublimate,  —  white 
precipitate, — mercurous  chloride, — 
etc. 

Corrosive -sublimate, —  bichloride  of 
mercury, — mercuric  chloride. 

Chloride  of  gold, — terchloride  of  gold, 
muriate  of  gold, — gold  salt, — auric 
chloride. 

Chloride  of  platinum, — muriate  of  pla- 
tinum,— bichloride  of  platinum, — 
tetra-chloride  of  platinum, — plutinic 
chloride. 


^H       d38              QXLxAsupa 

HnEfflroLATioKs.     ^^M 

^^B                        CltlClltC4L  SAVES. 

EQriVAl.KXTS.           ■ 

^^H         Chloride  of  Md»iM     .     .     . 

CaaunaB  mU,— Jnuriaie  of  mkUm 

^^^^H 

nit, — s«?tt9iilL — salu — etc   ^ 

^H         Clilori^e  of  dnc     .          .     . 

Butler  of   rinc, — muriate,  or  by 

chJomte  of  xinc, — DurnettV  &j| 

pun).                                  ■ 

^^^^  CymnMc  of  iUrer  .... 

PmssiJiie  of  silver,                    ^t 

^^H         Cymnyk  of  eopp(*r      .     ,     . 

Vn$satmUi  of  copper.                   H 

^^H         Cpmidc  of  potmsiiiiai      *     * 

White  pmsstatc  of  potaslu      ^| 

^^H         Ferrocjraftide  of  |ioC«aitum    . 

Yellow  pniisiate  of  [»otftsll^^^| 

^^M         Cvunide  of  j{ol4           .          . 

PniflsiAte  of  gold.                ^^| 

^^H          CjrAiiici^  of  xinc 

PruAstftte  of  £inc.                ^^^| 

^^H          G^^latin^^ 

^^^^^^  Beiunnc 

Benxol«« — gaaot1ne> — ^petroleu 

— etc. 

^^^^i          Arseniiiretted  lirdro^ieti   .     . 

Arsenide  of  hydn>g^'n. 

^^^H           Plio^|ihun;iietl  b^rjro^n  . 

Phoiiphide  of  hydrogen. 

^^^1           Mereuty   ... 

Q  u  i  cksil  rer, — h  jrdiurgy  r  u  m . 

^^^K         Binoxalate  of  |)otas<nnii  .     , 

Salt  of  §orreL 

^^^H          Oxide  of  cop{ier      ,     •     .     . 

Bh*ck  oxide  of  copper, — co|>p 

^^^^^r            Binoxirle  of  tin        .... 

Statin ie  af!id.-.i-^nutlv  iKiwdf>f 

^^H          Fotflj^ea     . 

Caustic  potash, — potash  lye»— 

^^H          Protoxide  of  lead   «... 

Lit! large, — ukasHicot, — ^wliite   a^ 

lead,  when  hydmted.              fl 

^^H           SesquloKide  of  lead     .     .      . 

Red  lead, — tninium,- — orange  .H 

^^^H          Binoxitie  of  Wad     .... 

Peroxide  of  Ie4td*                          H 

^^^^^H           OxiiltR'  of  jitodiutii      ... 

Sotla.'— '-^PitiKtii^  jki'mIh  smln  Iv^^l 

^^^H          PlumljtA«;o 

Blaek'Iead^ — graphite*               ^| 

^^^B         Doubh' sidpfiateof  aluminium  ) 

-  Aliim*.^ — poEiis!i  ulnm.              ^^^B 

^^^H              and  pota^tj^iurn      .     .     .     .  1 

^^H 

^^^H          Doubk'^uIiilialeofalunHriium  ) 

Alum^ — ammuoiu  alum.        ^^H 

^^^H              and  ammoaium    ....  J 

^H 

^^^H          Sulphate  of  eak-iurn     .     * 

Plaster  of  Paris, — *ry|>»um,^ — ^^^| 

— delenite.-^^ulfdmte  uf  liui^f 

^^^H          Sulphate  of  copper      ,     .     , 

Blue   copperas, — hlue   vUriolrfl 

sulphate.                                  H 

^^H         Sulphate  of  Iron     ,     .     .     • 

CopperaSf  —  green    copperas  ^M 

vitriol, — ferrous  sulphate.      H 

^^^H          Sulphate  of  zinc 

While  copperas, — white  viunol. 

^^^H          8ul[)hu((*  of  2^QdiiHn      .     . 

Glauber's  salt. 

^^^1         Sulphite  of  8odium      .     .     * 

•"-^    d 

■J 
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CHEMICAL  NAMES.  EQUIVALENTS. 

phide  of  ammoniuui    .     .     Hydrosulpliate  of  ammonium, — sulpliy- 

drate  of  ammonia. 
*^Aisalpliide  of  carbon  .     .     .     Sulphuret  of  carbon, — spirit  or  liquor 
fe.  of  Lampadius, — carbon  di-sul phide. 

fv^^^entasulphide  of  potassium  .     Polysulphide   of  potassium, — Uver  of 
ifr  .sulphur. 

fr^  Ifonosulphide  of  sodium       .     Hydrosulphate  of  soda, — sulphuret  of 

sodium. 
fiitartrate  of  potassium    .     .     Cream  of  tartar, — tartar, — argols. 


CHAPTER  LXIX. 

CHEMICAL  PRODUCTS  ESPECIALLY  EMPLOYED 
IN  THE  ART. 

From  the  preceding  list  we  select  a  certain  number  of 
esj>ecially  important  substances,  for  detailed  description. 
As  for  those  materials  which  are  found  sufficiently  pure 
in  the  trade,  we  shall  simply  point  out  their  principal 
characteristics,  and  refer  the  reader,  desirous  of  more  in- 
formation, to  the  numerous  and  excellent  works  on 
chemistry. 

Acetate  of  Copper^  neutral  (highly  poisonous). 

It  is  found  in  the  market  either  in  the  form  of  dark- 
green  crystals,  or  of  a  bright-green  powder — higlily  j^oi- 
sonoiis — soluble  in  water,  wliich  becomes  green ;  very 
soluble  in  ammonia,  forming  a  solution  of  an  azure-blue 
color;  forms- colorless  double  salts  with  cyanide  of  potas- 
sium and  sulphite  of  sodium;  powerful  acids,  like  sul- 
phuric acid,  combine  with  the  oxide  of  copp(?r,  and  the 
acetic  acid  set  free  is  recognized  by  its  smell ;  is  used  for 
preparing  electro-baths  of  copper  and  brass. 
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Aceiaie  cif  (*oppei\  basic  (poisouou^;. 

Powder  of  a  fine  turqiiois  bluish-green,     InvperfectlfJ 
soluble  in  water,  and  difficult  to  combine  with  the 
phites  and  cyanides,  unless  previously  treated  with  ammo 
nia.     It  is  often  used   for   adulterating   the  salt  alnjvt^ 
named. 

Acetate  of  Lead  (poisonous). 

Sugar  of  lead. 

This  is  ordinarily  in  the  shape  of  crystalline  niasse^'j 
white;  lights  althoui^h  haviufj  lead  for  its  base;  %  cry  sol-' 
iible ;  Kavor,  at  first  sweetish,  then  metallic;  fjives  on  nilci^J 
nation  fumes  of  acetic  acid  and  acetone,  and  the  resiJii<B 
is  oxide  of  lead  with  a  certain  proportion  of  morallic 
lead.  Is  not  precipitated  by  carbonic  acid,  unless  thetejj 
is  mixed  with  it  some  basic  acetate.  Obtained  bydissoh* 
ing  litliarge  or  massicot  (protoxide  of  lead)  in  an  t^xces^ 
of  vinefi^ar,  or  acetic  acid.  Its  solution  forms,  with  caus^ 
tic  potassa  or  soda,  a  white  precipitate  which  is  soluble 
in  an  excess  of  alkali,  and  tlien  constitutes  the  bath  f<^ 
])rodncing  tlie  colored  rings  of  Nobili* 

Std)'€tceUd€  of  Lead  (poisonous). 

In  solid  masses,  or   syrupy.     Savor,  sweet  but  nf%*^^ 
metiillic  tliau  the  preceding.     iFIeavy ;  white  precipi^-^ 
by  carbonic  at'id  ;  *>btained  by  boiling  a  solution  of  ace^^ 
with  an  excess  of  litliarge.     Used  tor  the  same  gah 
plastic  processes.     Renders  turbid  distilled  watc?r  cont 
ing  carbonic  acid. 

Acetic  Acid, 

(Yinegar,     Pyrolignenus  jicid.) 

More  or  less  concentnited  and  pure,  according  to 
mode  of  manufacture.     The  most  conc^entmted  crysi 
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izes  at  25°  Fall.,  and  often  remains  solid  up  to  50°  or  54° 
Pah. 

Wood  vinegar  or  pyroligneous  acid  is  employed  in 
large  quantities,  and  is  colorless  or  more  or  less  yellow. 
It  often  possesses  an  empyreumatic  odor,  and  generally 
marks  8°  of  the  hydrometer. 

Wine  vinegar  is  more  or  less  colored,  and  may  be  con- 
centrated.    Its  smell  is  sufficient  to  distinguish  it. 


Finr.  1G2, 


Glacial  or  crystallized  acetic  acid  is  obtained  by  the 
distillation  of  perfectly  dry  acetate  of  sodium,  or  acetate  of 
'^ad,  with  concentrated  sulphuric  acid.  The  vai)ors  arc 
condensed  in  a  glass  receiver  (Fig.  162),  which  should  be 
'^rrounded  by  a  mixture  of  salt  and  ice. 

Arsenious  Acid  (poisonous). 
(White  arsenic.  Arsenic.  Ratsbane.) 
Ijfenerally  in  the  shape  of  a  white  powder,  and  some- 
^iies  in  vitreous-like  lumps,  resembling  porcelain.  Slight- 
''  ^uble  in  water ;  savor,  scarcely  sensible  at  first,  but  hot 
^cl  sharp  afterwards,  with  constriction  of  the  throat. 
^  lien  thrown  upon  incandescent  charcoal  it  emits  abund- 
^t  white  fumes,  with  a  characteristic  smell  of  garlic, 
^txoduced  into  Marsh's  apparatus  it  furnishes  mirror- 
*^^  arsenical  rings  and  spots.  It  is  employed  in  certain 
'-'Ver  whitening  baths,  and  also  in  the  electro-baths  fcr 
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Xitrous  and  Hyponitric  Acids  (poisonous). 
(Nitrous  gas.     Nitrous  vapors.) 

We  may  describe  these  two  acids  together.  They  an 
gases  of  an  orange-yellow  color,  more  or  less  deep,  ani 
are  always  produced  when  nitric  acid  acts  upon  a  raetaL 

The  smell  is  nauseating  at  first,  but  soon  become! 
sufFoc*ating.     They  are  dangerous  to  inh^de. 

They  color  aqua-fortis  yellow,  and  also  impart  a  greet 
ish  tingt^  to  metallic  solutions,  those  of  silver  for  instance, 
which  may  appear  as  though  containing  copper.  Thii 
coloration  disapixn\rs  by  heating,  which  it  will  not  do  if 
copiHT  Ih^  present.  They  are  produced  abundantly  ia 
the  cleansing  of  copjx^r  and  its  alloys  in  aqua  fortis  at  a 
low  temivratiure,  or  by  moderate  pressure  they  are  lique- 
titHl. 


Xltric  Arid  (|ioisonous). 

( A<;r.A  Vrtis.      Siiril  o!*  nitre.) 

1:  ;>  tvHuui  i:i  ::;o  rraoc  of  various  colors  and  degrees  of 
strt^r.irtl:.  bu:  rart  I\  ilioraiiully  pure. 

1Ja;u:kI,  a::v;  ha\:"::  a  uaus^vus  smell:  taste,  strongly 
acivi.  lV>:r\\>  t!u  >k:::  aiivi  rho  majority  of  organic 
matters.  v;:>s.^l\t>  most  of  tho  iiutals,  always  with  a  pro- 
duvtior.  ot*  or.-v,^^  A;.:vr>:  ov^::t;\ius  one  equivalent  of 
watov  :::  t:;o  :v,  ::;  .^viratcv:  statt\  and  then  is  employed 
tor  t:io  r.;.,::tifaot.:r:   ;:"i::;r.-<vt:oii,  nirro-glycerine,  etc. 

U-.v^  ,,v;.l  o:'  4'''  Iv.  ::i:e  is  vvlorless  or  dark  yellow; 
that  o:*  >o  K\ur.\;  :\  ^  rlis^i  or  men:  or  less  deep  yellow. 
V!r.>  vvl.  ni:..  r.  i>  c^  v.-.r-Z/.y  viuo  to  the  presence  of  nitrous 
at\v:  ::yA ::;::..-  cix^Ss  a::a  is  jxrtectly  satisfactory  for 
•'var.^.r^  vv.  .vr.  V.:t  :t  ot'to::  rv^^uits  from  the  presence 
V  :'>.yvl:\vV-'  :::  ,,.:vi,  thus  x rr:::r.g  aqua-pE^a,  or,  what  is 
v\ /:>;..  :':\  :::  :aI-v.s\  >r,'":::::.\  orchlv^rine^  when  its  cleans^ 
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Pure  nitric  acid  is  absolutely  necessary  for  the  prepara- 
Lon  of  nitrate  of  silver.     The  presence  of  chlorine,  hy- 
Ix-ochloric  acid,  or  sulplunic  acid  will  transform  a  pnrt 
^f    the    metal    into    insoluble,  or    scarcely  soluble    com* 
^l^oxinds* 

^B  Pure  nitric  acid  is  obtained ;  1st,  By  distilling'  in  a 
^P^^Tge  glass  retort  (see  preceding  figure)  the  commercial 
^^-Tticle,  and  commencing  to  collect  the  product  only  when 
^f^*-  no  longer  produces  a  precipitate  or  turbidity  in  a  solu- 
W^^oti  of  nitrate  of  silver.  The  distillate  is  then  collected 
^^    a  glass  receiver,  cooled  with  fresh  water  or  ice.     The 

I^^|>emtion  is  terminated  when  about  tive-sixths  have  been 
P*istillcd. 
[        2d.  By  precipitating  with  nitrate  of  silver  and  nitrate 
^  ^    barium  the  hydrochloric  and  sulphuric  acids  contained 
^    commercial  aqua  fortis,  and  then  distilling  the  whole 
^Lj^^^rly  to  dryness.     The  residuum  in  the  retort  is  composed 
I^Q^      5»nlpbate  of  barium,  chloride  of  silver,  and  the  exc<*ss  of 
^^  nitrates  of  these  two  bases* 

3d.   By    distilling    in  a   glass  retort  a  mixture  of    100 

Uts  of  pure*  nitrate  of  potassiiuu  (saltpetre),  with  60  pints 

^f  [irrre  conceirtratrd  sulplunic  acid  (oil  of  vitriol),  and 

H  parts  of  distilled  water.     The  heat  is  gi'adually  raised, 

^nd  stopped  when,  after  having  disappeared,  the  yellow 

^'apors  reappear.    The  acid  thus  obtained  is  slightly  yellow 

tjd  mav  be  bleached,  by  heating  it  almost  to  the  boiling 

-.-   ^       Jt  iH  useless  to  remind  the  reader  of  tlie  continual 

of  nitric  acid  in  our  art. 

Jioracic  Ackl  (boric  acid). 
'    'ted  with  sodium   it  constitutes  borax.     It  is  found 
^^^      ondensed  steam  of  certain  small,  mud  volcanoes 
^^  antiy^  from  which  it  is  extracted. 
T^cia  acid  is  found  in  the  arts  in  the  shape  of  scales. 
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with  nacreous  lustre,  and  greasy  to  the  touch.  When  in 
vitreous  masses,  more  or  less  translucent,  it  is  anhydroi 
and  has  been  subjected  to  igneous  fusion.  Dissolved 
alcohol,  and  ignited,  it  colors  the  flame  a  fine  green, 
is  also  obtained  in  the  form  of  scales  by  decomposin 
with  a  |>owerfid  acid,  a  concentrated  and  boiling  solution 
of  borax ;  tlie  bunicic  acid  crystallizes  on  cooling.  It  is 
used  for  making  phitinum  adhere,  by  the  heat  of  a  muffle, 
to  ceramic  wares,  thus  causing  the  metallization  of  sur- 
faces which  are  not  naturally  conductors  of  electricity. 
It  is  also  employed  for  increasing  the  whiteness  of  silver 
alloys,  and  for  the  decomposition  of  the  suhsalts  deposited 
in  clectro-baths  containing  cyanide  of  potassium. 

Ihjdrocyanic  Acid  (extremely  poisonous), 
(Cyanliyflric,  or  prussic  Rcid.) 

It  exists  in  nature  only  in  a  state  of  combination  in 
certain  vegetables  and  fruits,  and  especially  in  the  kernels 
of  the  last  named ;    as^  for  instance,  in  the  peach,  th 
berries  of  the  cherry  laurel,  bitter  almonds,  the  stones 
the  apricot,  of  plums,  cherries,  etc. 

It  may  be  obtained   anhydrous;  but  in  this  sttite  it  is 
useless,  and  very  difficult  to  preserve  from  decomposition, 

Diluted  hydrocymiic  acid  is  colorless  with  a  bitter  last 
and  the  characteristic  smell  of  bitter  almonds* 

It  is  prepared  by  hitroduring  into  a  large  retort  attach 
to  a  receiver,  which  is  cooled  by  ice  (Fig.  163),  2  poun 
of  ferro-cyanidc  of  potassium  (yellow  prussiate  of  potassa 
1  quart  of  water,  and  3  pounds  of  concentrated  sulphuric 
acid.     The  acid  and  water  should  be  mixed  beforehand 
and  allowed  to  cool.     The  distillation  is  effected  in  a  san 
bath,  and  the  condensed  liquid  is  clear  and  colorless.     T 
operation  is  stopped  when  the  substances  in  the  retort 
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gin  to  swell  up*     Great  caution  must  be  exercised  to  avoid 
[inhaling  the  vapor  produced  during  this  preparation. 


p^ 


Fijr.  Ita 


Hydrocyanic  acid  may  also  be  obtained  by  passing  a 
I  stream  of  washed  sulphuretted  hydrogen  tbrough  a  tall 
'glass  vessel  (Fig.  164),  containing  water  and  cyanide  of 


Fii|.   1G4. 


mercury.  The  latter  compound  is  tranj^formed  into  the 
insoluble  sulphide  of  mercury,  while  the  hydrocyanic  acid 
remains  in  solution.  AikT  filtering,  the  liquid  is  gently 
heat«^d  in  order  to  expel  the  remaining  sulphuretted  hy- 
drogen, which  is  more  volatile  than  hydroryanic  acid. 
This  method  is  not  so  simple  as  the  preceding  one,  and 

85 
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for  gilding  is  open  to  the  inconvenience  of  often  having 
the  acid  contaminated  with  iindecom posed  cyanide  of  mer- 
cury or  sulphuretted  liydrof^en. 

Hytlroryanic  acid  is  eniph^yed  for  niaiiitauiing  the 
strength  of  the  pyrophosphate  of  gokl  in  immersion  baths, 
and  for  decomposing  the  alkaHne  carbonates  formed  in 
baths  with  cyanide  of  potassium. 

Hf/drocJdoric  Acid  (poisonous). 

(Clilorhydric  or  nuirirtlic  ftei«L     Spirit  of  sal(») 

This  acid  is  gaseous,  and  emits  abundant  and  dense 
fumes  in  contact  with  the  air.  Water,  at  the  temperature 
of  ()8^  Fah.,  dissolves  4G0  times  its  own  vohime  of  this 
acid,  that  is,  1  quait  of  water  will  dissolve  itJO  quarts  of 
this  gas,  and  the  primitive  volume  of  the  water  will  be 
increased  about  one-third. 

It  is  this  solution  of  the  acid  in  water  that  is  always 
employed  in  the  arts,  it  is  generally  contaminated  witi 
sulpliurous  and  sulphuric  acids,  and  by  perchloride  of  iron, 
which  imparts  to  it  a  yellow  color. 

A  concentrated  solution  of  hydrochloric  acid  in  contact 
with  moist  air  emits  dense  fumes,  which  are  the  more 
apparent  in  the  presence  of  ammoniatal  vapors.     Its  smell 
is  penetrating,  and  its  taste  strongly  acid.     It  dissolves 
zinc  with  a  copious  evolution  of  hydrogen;  and,  with  a 
silver  solution,  it  produces  an  abundant,  white,  heavy, 
and  curdy  precipitate  of  chloride  of  silver,  which  becomes' 
blue,  and  then  bhick,  by  the  action  of  solar  light.     Thiaj 
precipitate  is   insoluble  in    strong  acids,  either  cold   o^| 
boiling,  but  is  soluble  without  coloration  in  cyanides,  sid- 
phitcs,  hyposulphites,  alkaline  or  earthy  chlorides,  and 
especially  in  ammonia. 

Pure  hydrocldoric  acid    (in  concentrated    solution) 
colorless,  fuming,  and  presents  the  same  reactions. 
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trace  of  organic  substance  is  sufficient  to  impart  to  it  a 
greenish  or  yellowish  tinge,  as  if  it  were  colomd  by  an 
iron  salt. 

The  clectrn-pbiter  employs  it  for  preparing  the  chlor- 
ides of  certain  metals,  such  as  silver,  zinc,  etc.:  it  enters 
into  the  composition  of  aqua-regia ;  and  the  common  salt, 
added  to  certain  cleansing  acids,  depends  for  its  utility 
on  the  formation  of  a  small  quantity  of  hydrochloric  acid. 

It  is  prepared  by  intrudueing  into  a  glass  flask  (Fig. 
,165)  common  salt  and  nn  excess  of  commercial  sulphuric 


Ficr,  ir.r). 


acid,    A  gentle  heat  is  gradually  applied,  and  the  gas  is  col- 
lected and  absorbed  in  distilled  water  contained  in  a  series 
Bof  tubulated  flasks.     These  receivers  shoiUd  be  kei»t  con- 
Bitantly  cooled  by  a  stream  of  water,  or  by  ice,  as  otherwise 
VUie  elevation  of  temperature,  caused  by  the  combination 
fof  the  water  and  acid,  woidd  prevent  the  liquid  from  be- 
coming thoroughly  saturated.     The  first  bottle  contains 
but  little  water^  and  is  intended  to  arrest  the  impurities 
mechanically  canied  by  the  gas.     The  generating  vessel 
after  the  operation  contains  acid  sidphate  of  sodium. 
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^Aqua-Regia  (poisonou!^). 

( Nit ro- muriatic  iicitL) 

When  nitrir  and  hydrochloric  acids  arc  mixed,  there  are 
formed,  besides  water,  free  chlorine  and  hyponitric  arii 
Wlien  heated  this  liquid  disengages  yellowish  fumes.  This 
mixture  is  called  ifqufr-regia  because  it  dissolves  goR 
which  was  formerly  named  the  king  of  metals. 

Chlorine  alone  will  also  dissolve  gold,  and  as  the  re- 
sulting salt  is  the  same  as  that  obtained  by  it^  treatment 
with  aqmi-regia,  we  should  infer  that  the  dissolvuig  action 
of  afput-regia  is  due  to  the  chlorine  it  contains,  and 
which  it  hbcrates  in  tlic  nascent  state.  Moreover,  rryfrn- 
regia  dissolves  all  the  metals,  and  produces  salts  whicli 
are  chlorides,  and  not  nitrites  or  hyponitrates* 

The  composition  of  aqna-regia  is  varied,  according  to 
the  sid)stances  which  we  desire  to  dissolve.  For  gold, 
we  mix  1  part  of  nitric  acid  of  40*^  Eaume,  with  2  parts  of 
hydrochloric  acid  of  22°  Baiime ;  for  platinum,  3  of  nitric 
acid  to  5  of  hydrochloric  acid. 

Aqun-regkt  is  emjjloyed  in  the  preparation  of  the  chlo- 
rides of  eop|>er,  platinum,  gold,  etc. 


•ig' 


\Q\u 


Ht/droflyonc  Acid  (very  puisunous). 
(Fluonc  aiiiiL) 

This  acid  is  gaseous  when  freed  from  its  combinations, 
but  condenses,  by  cooling,  into  a  colorless  liquid  possess- 
ing a  penetrating  smell  and 
strongly  acid  taste.  It  attacks 
glass  and  silicates,  and  combines 
with  their  silica  to  form  a  new 
acid  called  hydrofluosilicic 
fluosilicic  acid. 

Hydrofluoric  acid  is  prepare 
by  decomposing   in  a  retort   o] 
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or  platinum  (Fis.  166),  a  paste  of  fluoride  of  calcium 

r-spar)  with  sulphuric  acid.     The  various  joints  of 

ihe  retort  are  carefully  luted  with  clay  or  plaster  of  Paris, 

md  the  receiver  is  made  of  a  bent  tuhe  of  one  of  these 

netals,  immersed  in  a  mixture  of  3  parts  of  broken  ice 

md  2  of  common  salt,  or,  more  simply,  into  ice  alone. 

jThe  end  of  the  receiver  is  perforated  with  a  very  small 

piole  only,  in  order  to  aid  the  condensation  by  a  moderate 

pressure,     A  gentle  heat  is  applied  at  the  bottom  of  the 

xetort. 

This  acid  is  kept  in  lead  bottles  which  are  Imt  slightly 
ted  upon,  or  in  flasks  of  platinum  or  gutta-percha,  upon 
hich  it  has  no  action  whatever. 

We  must  carehdly  avoid  any  contact  with  the  vapors 
f  hydrofluoric  acid,  otherwise,  after  a  few  hours,  even  the 
S8  sensitive  parts  of  tlie  skin  will  be  covered  with  painful 
blisters.     Tlie  same  caution  applies  also  to  inhaling  its 
apors. 

^Tbis  acid  is  employed  for  depolishing  glass,  and  otber 
treous  substances,  and  thus  to  prepare  a  ground  more 
ily  metalHzed.  '  The  parts  which  should  not  be  cor- 
ed are  protected  by  a  coat  of  wax. 

When  a  level  surlace  is  to  I)e  operated  upon,  a  pane  of 

[lass  for  instance,  the  easiest  process  consists  in  covering 

it  entirely  with  wax,  and    drawing   the  pattern  wirii  a 

inted  tool,  which  should  penetrate  to  the  glass.     The 

object  is  then  placed  upon  a  shallow  dish  of  lead  contain- 

g  the  mixture  for  the  production  of  the  acid.     At  ordi- 

jjtiarj^  temperatures,  or  more  rapidly  with  the  aid  of  feeble 

eat,  the  vapors  of  the  acid  attack  the  glass  where  it  has 

een  uncovered.     On  the  other  hand,  if  large  surfaces  are 

he  depolislied,  the  acid  vapors  are  produced  in  a  leaden 

box  of  suitable  size,  and  perfectly  luted.      The  objects 

toay  also  be  laid  in  a  trough  of  lead  or  gutta  peicha  filled 
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uith  a  more  or  less  diluted  soludoti  of  hTdroflaoric  adi 
This  last  process  is  era  ployed  for  the  production  of  patterns 
hollow  or  in  relief,  upon  ''  fla^shed'*  glas®,  that  is,  glass 
having  a  s^urface  coat  of  differently  colored  glass.  Gla« 
pearls  or  beads,  treated  in  the  same  manner,  acquire  a 
beautiful  dead  lustre. 


Stearic  Acid, 

(Stearifie,) 

AVe  may  consider  all  fatty  substances  of  animal  origin, 
and  tallow  particularly,  as  composed  of  a  base  called  jfy* 
cerif^^  which  is  united  with  oleicj  m^Mrgaric^  and  siearic 
acids.  The  last  one  is  the  most  important  for  us,  since 
we  take  moulds  with  it,  and  render  im^ienious  certain 
substances  which  otherw ise  would  lie  penetrated  and  in- 
jured by  the  sulphate  of  copper  of  the  galvanopla&tic 
baths. 

This  acid  is  white,  nearly  without  taste  and  smell,  and 
more  or  less  ^easy  to  the  touch  according  as  it  is  more 
or  less  completely  deprived  of  margaric  and  oleic  adds. 
Its  fracture  is  rarely  crystalline,  but  often  granular.  It 
melts  at  a  temperature  from  158*^  to  167*^  Fah.  to  a  clear 
liquid,  w^hich  again  solidifies  by  cooling.  It  is  this  pio* 
perty*  which  renders  stearic  acid  valmable  for  taking  caste. 
If  it  be  too  greasy  it  sticks  to  the  pattern,  and  especially 
to  plaster  of  Paris  coated  with  plumbago ;  m  this  caae,  it 
should  l>e  mixed  with  a  certain  proportion  of  wax  or  sper- 
maceti. A\Tien  too  drj%  on  the  other  hand,  it  rontrarts 
considerably  in  cooling,  often  breaks,  and  the  gali^ano- 
plastic  deposits  have  a  crystalline  surlace.  This  defect  is 
corrected  by  the  addition  of  tallow  or  olive  oil. 

Heated  to  5:i5^  to    575°  Fah.,  stearic  add  is  parti 
charred,  Ixx'onies  brown,  and  gives  off  oertain  volatile 
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ducts ;  it  is  then  too  dry,  and  much  less  valuable  for  our 
purposes. 

The  manufacturers  of  stearine  candles  extract  this  acid 
from  tallow. 

Sulphuretted' Hydrogen.      Sulphydric  Acid  (poisonous). 
(Hydrosulphuric  Acid.) 

This  acid  is  gaseous,  but  may  be  dissolved  in  water, 
which  absorbs  two  or  three  times  its  own  volume  of  it  at 
the  ordinary  temperature,  and  which  then  acquires  the 
same  properties  as  the  gas  itself 

Sulphuretted-hydrogen  is  colorless;  its  smell  is  fetid, 
and  resembles  that  of  rotten  eggs.  It  is  slightly  acid, 
and  reddens  blue  litmus  paper,  but  the  primitive  color  re- 
appears on  heating.  It  precipitates  many  of  the  metals 
from  their  solutions  as  sulphides,  of  various  colors — white, 
black,  yellow,  etc.  Some  of  these  sulphides  appear  to  be 
good  conductors  of  electricity. 

Sulphuretted-hydrogen,  which  is  exceedingly  poison- 
ous, may  be  obtained  by  the  reaction  of  hydrochloric 
acid,  or  diluted  sulphuric  acid,  upon  many  sulphides, 
such  as  those  of  antimony,  iron,  barium,  strontium,  etc. 
The  gas  is  collected  under  receivers  filled  with  mer- 
cury, or  is  dissolved  in  water  with  the  aid  of  a  WoulPs 
apparatus,  such  as  that  described  in  the  manufacture  of 
hydrochloric  acid.  The  distilled  water  employed  should 
be  deprived  of  air  by  ebullition,  otherwise  the  solution 
will  be  milky  from  the  partial  decomposition  of  the  acid, 
the  hydrogen  of  which  unites  with  the  absorbed  oxygen, 
while  the  sulphur  is  separated. 

We  should  carefully  avoid  bringing  in  contact  with 
this  gas,  not  only  metallic  salts,  and  gilt  or  silvered  arti- 
cles, but  likewise  pure  gold  and  silver,  which  are  rapidly 
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sulphurized  by  it.     Sulphuretted-hydrogen  is  some 
employed  for  the  production  of  **  oxidized*'  silver. 

Sulphurous  Acid, 

Is  gaseous,  colorless,  and  possesses  an  acid 
Its  odor  is  penetrating  and  suffocating,  and  is  that  fro- 
duced  by  burning  sulphur  in  the  open  air.  One  valuM 
of  water,  at  ordinary  temperatures,  dissolves  about  tliirt)* 
three  volumes  of  the  gas,  and  acquires  its  characteriiJjf 
properties. 

Sulphurous  acid  decolorizes  and  bleaches  many  oipuiic 
substances.  It  reduces  many  metallic  salts  by  appn>p 
atinjL^  their  oxygen;  it  uuiy  therefore  be  employed,  [X^ 
biy,  more  advantageously  than  sulphuretted-hydrogenJ(>r 
mctnUization  by  means  of  nitrate  of  silver  or  chloridf^'' 
gold.  It  is  employed  in  the  preparation  of  the  ^JpW^^ 
and  bisnlpliites,  which  we  shall  study  further  on. 

It  is  obtained  by  burning  sulphur  in  the  air,  ft 
which  it  takes  the  two  equivalents  of  oxygen  nc^ 
for  its  composition ;  or  by  decomposing,  in  a  closed  vci 


Fijj.  ini. 


(Fig,  167),  concentrated  sulphuric  acid,  by  means  of  »^' 
sul)stiuice  possessing  a  great  affinity  for  oxygen,  Sulp"^^' 
cliarcoal,  dry  sawdust,  copper,  mercury,  etc..  infiyli^''^^^ 
lor  the  purpose,  altliuugh  copper  is  generally  prefetit**^ 
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This  metal,  finely  divided  (chips,  filings,  or  turnings),  is 
rapidly  corroded,  produces  a  pure  gas,  and  leaves  a  resi- 
duum of  sulphate  of  copper  useful  for  galvanoplastic 
operators. 

Sulphuric  Add  (poisonous). 
(Oil  of  vitriol.) 

This  compound,  the  most  powerful  and  useful  acid  in 
the  arts,  may  exist  in  the  solid  or  anhydrous  state.  It  is 
always  used  in  a  more  or  less  hydrated  form.  Its  name 
of  oil  of  vitriol  comes  from  its  oily  consistency,  and  from 
the  green  vitriol  (sulphate  of  iron)  from  which  it  was- 
formerly  obtained  by  distillation  in  closed  vessels.  It  is 
now  produced  in  large  quantities,  by  oxidizing  in  lead 
chambers  moist  sulphurous  acid  by  the  vapors  of  nitric 
acid. 

Commercial  sulphuric  acid  generally  marks  66°  of 
the  hydrometer  of  Baum6.  It  is  colorless,  dense,  flow- 
ing like  oil,  with  feeble  odor,  and  strong  acid  taste.  It 
decomposes  nearly  all  salts,  and  extracts  water  from 
most  substances  which  contain  its  elements.  It  attacks 
and  blackens  organic  substances,  becoming  itself  more 
or  less  dark  in  color  thereby.  The  particles  of  dust  flying 
in  the  air  and  falling  into  it  are  sufficient  to  produce  this 
phenomenon. 

Poured  into  a  concentrated  solution  of  hydrochloric 
acid,  sulphuric  acid  absorbs  the  water  with  production  of 
heat,  and  the  acid  first  named  is  driven  oflF  with  effer- 
vescence. It  displaces  all  the  other  acids  from  their  com- 
binations, and  forms  very  stable  compounds  with  metallic 
oxides. 

We  employ  it  in  our  art  at  nearly  every  stage:  for 
cleansing,  for  dipping,  in  the  preparation  of  many  pro- 
ducts, in  batteries,  etc. 
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TaJinic  Acid, 
(Tannin/) 

This  substance,  which  should  not  be  confounded  with 
gallic  acid,  although  it  produces  this  last  by  ferraentation 
and  other  chemical  reactions,  appears  to  be  already  formed 
in  gtilUnuts,  vvliich  are  sni>posed  to  be  the  result  of  the 
puncture  of  certain  insects  upon  oak  leaves.  Tannic 
acid  exists  also  in  many  vegetables,  and  esjiecially  in  the 
bark  of  certain  trees»  such  as  the  oak,  hemlock,  chestnut^ 
elm,  etc. 

This  acid  is  generally  prepared  by  digesting  powdered 
gall-nuts,  at  a  temperature  of  about  85°  Fah.,  in  commer- 
cial ether,  in  a  closed  yesseh  After  aboiit  eight  days,  the 
settled  liquid,  wliirh  is  quite  syrupy^  is  decanted  and 
spread  upon  many  dishes,  which  are  put  into  a  stove.  The 
ether  is  evaporated,  and  tlie  nearly  pm*e  tannic  acid  re- 
mains in  the  form  of  uncrystallized  scales,  which  are  light, 
thin,  yello%vish,  and  with  nacreous  lustre*  It  is  purified 
by  solution  in  boiling  water,  which,  on  coolings  allows  it 
to  deposit  in  the  shape  of  needle-like  crystals. 

Tannic  acid  possesses  the  singular  property  of  coagu- 
lating, and  rendering  insoluble,  certain  gums,  gluten, 
and  gelatine  especially,  the  latter  being  tnmsformed  into 
leatlier,  which  will  not  putrefy. 

It  will  be  remembered  that  io  the  article  on  moHhUntj 
with  yehdine,  we  indicated  tlie  employment  of  a  small 
proportion  of  this  acid  for  preventing  the  softening  and 
solvent  action  of  the  batlis.  Gallic  acid  cunnot  take  the 
place  of  tannic  acid  for  this  purpose. 

AUoys, 

These  are  combinations,  or  mixtures,  effected  by  the 
fusion  of  two  or  more  different  metals  in  definite  proper- 
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tions.  The  hydroplastic  operator  employs  them  so  con- 
stantly that  it  is  important  that  he  be  acquainted  with 
the  composition  of  the  most  usual  alloys,  and  that  he  learn 
the  preparation  of  several  of  them,  which,  like  the  fusible 
alloys  of  Darcet,  will  often  be  serviceable. 

Fusible  Alloys  of  Darcet 

No.  I. 

Bismuth 8  parts. 

Lead 4     " 

Tin 4     " 

16 

No,  2. 

Bismuth .8  parts. 

Lead 5     " 

Tin 3     " 

16 

No.  3. 

Bismuth .5  parts. 

Tin 3     '* 

Lead     . 2     " 

10 

All  the  metals  are  melted  together  in  a  crucible,  stirred 
with  an  iron  rod,  and  cast.  Various  proportions  of  mer- 
curj'  arc  added  to  these  alloys,  when  great  fusibility  is  de- 
sired. 

Alloys  of  Copper. 

BRASS  FOR  ARTICLES  WORKED  WITH  THE  HAMMER. 

Copper 70  parts. 

Zinc 30     «« 

100 
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BRASS  r«.«s  Tru^iXG. 

Copper 6^  puts. 

Zinc 32     - 

Lead 2     - 

SmiLOK. 

Copper 1<.">  pATts. 

Zioc 12     - 

112 

A^rOTHES  Fi-^KMrLA. 

Copper !•:">  part*. 

Zinc     ........  N      - 

Iw 

ST  AT  VAST    BRASS. 

Copper 91.4  pans. 

Zinc    ........  5-5     — 

Lead 1.7     - 

Tin .  1-4     •• 

1«».0 

P  -.  -   -•  r 

V*-'.  ."r.            .......  ^»  pArT*. 

Zinc 1  jATt- 


be:->ze  foe  bulls. 

C'-yr-er 7S  rjart5* 

Tin «  ■  .- 

C  -: : :  <  r  .  .  .  .  •  -;■  pj^rt*, 

Tir. 25      -. 

^•"F:"^' ^'*  pans. 

rm IM      - 

iw 
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BRONZE  FOR  SMALL  ORDNANCE. 

Copper 93  parts. 

Tin .         7     " 

100 

BRONZE  FOR  MEDALS. 

Copper 100  parts. 

Tin 8     " 

108 

BRONZE  FOR  CYMBALS. 

Copper 80  parts. 

Tin 20     " 

100 

BRONZE  FOR  GONGS.  * 

Copper 100  parts. 

Tin 25     " 

125 

TELESCOPIC  MIRRORS  (REFLECTORS). 

Copper 100  parts. 

Tin 50     «< 

Arsenic 1  part. 

151 

GERMAN-SILVER. 

Copper 50     parts. 

Zinc 3.5     *« 

Nickel  . 4        " 

57.5 
No,  2. 

Copper 53       parts. 

Zinc 31.25     '* 

Nickel 15.75     " 

100.00 
No.^. 

Copper 8  parts. 

Nickel 3      « 

Zinc 3.5  " 

14.5 
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No.  4. 

Copper 4p«rU. 

Nickel 1  part. 

Zinc 1     *^ 

6 
JVb.  5. 

Copper o5pan& 

Zinc 17  " 

Nickel 23  " 

Iron S  '• 

Tin 2  '• 

!■.•■> 

ELASTIC  AR«;ENTAy. 

Copper 57.4  parts. 

Zinc 25       - 

Nickel IS       - 

Iron 9       - 

1«>4.4 

CopptiT  .......     II-SpMtS. 

7.:tc .    :;./•• 

l.^i .       .ti*r. 

It, .      l.ti^-.i- 

vT  :..■■:.•-  ''^-'• 


■iri>  ■ 
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It  is  evident  that  it  will  be  possible  to  xary  ad  infiniiurn 
he  mixtures  and  the  proportions  of  the  component  metals, 
nd  thns  to  arrive  at  an  unlimited  number  of  alloys,  which 
n  account  of  slight  differetices  of  color,  ductility,  sonor- 
ousness, etc.,  have  received  a  great  variety  of  names,* 

Amalfjams 

Are  alloys  of  one  or  several  metals  with  mercury,  but  the 
after  must  absolutely  be  one  of  the  eomponent  parts. 

Only  two  amalgams  are  of  importance  in  our  art :  that 
f  Darcet,  already  described ;  and  that  of  gold,  which  is 
e  basis  of  fire-gilding. 

"^^Tiatever  be  the  proportions  of  gold  and  mercury  put 
ETcther,  an  amalgam  is  always  formed  ;  but  there  are 
t"tain  proportions  whicli  are  more  or  less  favorable  for 
'taining  a  certain  result.  Thus,  the  gold  amalgam  for 
►  <ding  by  stirring  sliould  be  more  fluid,  and  therefore 
itain  more  mercury,  than  that  prepared  for  dead  gild- 
^  by  fire,  or  for  ormolu.  The  latter  should  be  of  the 
isistency  of  cold  butter,  a  little  rou^h  to  the  touch,  and 
h  a  crystiilline  texture,  which  causes  the  production  of 
^Tackling  noise  when  the  amalgam  is  pressed  between 
^  fingers.  That  for  gilding  by  stirring  should  be  of  the 
Isistency  of  honey  and  quite  soft,  since  in  this  condition 
Easily  spreads  itself  over  the  surface  of  a  multitude  of 
^11  articles. 
-^An  amalgam  is  generally  prepared  by  heating  distilled 
^Tcury  to  a  temperature  of  about  4(KP  Fah*,  and  adding 
it  gold  in  the  shape  of  a  leaf  or  ribbon,  which  becomes 
^dily  incorporated  with  it.  The  whole  is  then  thrown 
^o  cold  water.     If  the  proportion  of  mercury  has  been 

^^ffror  n  full  description  of  alloys  and  amal^ms,  see  '*J  Ptactieal 
■^^rfg  for  the  Manttfacfnre  of  Mfftftlic  AHoySj^  from  the  French  of 
^^^euier,  by  A,  A.  Fesqutit.     Pbilfwlelphia:  H.  C.  BairJ,  1872. 
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too  greats  the  amalgam  may  be  heated  over  the  fire,  until 
by  the  volatilization  of  part  of  the  mercury,  the  proper 
consistency  is  reached.  On  the  other  hand,  should  the 
amulj^nini  be  too  hard,  it  may  be  softened  by  the  additioB 
of  mercury,  whieli  soon  mingles  with  the  mass, 

When  such  an  amalgam  is  heated  to  a  dull  red  lieat, 
all  of  the  mercury  is  volatilized,  and  the  gold  remains  i| 
the  form  of  a  spongy  and  crumbling  mass.     Gold,  in 
presence  of  mercury  sjilts,  does  not  form  amalgams  lik 
copper;  it  is  absolutely  necessaiy  that   the  two  metal 
should  he  in  the  metallic  state  in  order  that  they  sha 
amalgamate. 

Mercury  is  often  adulterated  by  the  addition  of  bismutli 
lead,  or  tin  ;  and  it  is  evident  that  these  %'arious  metals 
which  do  not  \olatiUze,  remain  w^th  the  gold  and  deterio 
rate  it. 


Ammonia, 
(Spirit  of  linrfKliom*     Volaiile  atknli,  etc.) 

This  compound,  which  generally  bears  tlie  name  of 
ammnniacal  gas  when  in  the  gaseous  form, and  of  ammouial 
when  in  solution,  presents  properties  similar  to  those  of  J 
potassa,  soda,  and  other  alkalies  which  are  metallic  oxides,  j 
On  account  of  this  analogy,  therefore,  it  is  customary  tjol 
tonsider  it  as  the  oxide  of  a  hypothetical  metsl^ammmmnh] 
a  compound  radical  composed  of  nitrogen  and  hydrogen. 
This  hypothesis,  whether  correct  or  not^  has  theadvanta^ 
of  convenience. 

Gaseous  ammonia  dissolves  in  Water  eagerly,  one  Tat] 
ume  absorbing,  when  cold,  about  500  volumes  of  tlie  g»^ 
Notwithstanding  this  lemarkable  solubility,  auimoniacalj 
gas  does  not  produce  visible  fumes  even  in  contact  withj 
very  moist  air,  as  is  the  case  with  hydrochloric  acid  and 
other  substances. 
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Aqua  ammonia  is  a  colorless  liquid,  possessing  a  char- 
icteristie  and  overpowering  pungent  smelL 

Ammonia  restores  the  blue  color  of  litmus  reddened 

>y  an  acid,  and  satumtes  the  affinities  of  the  most  power- 

tnl  acids;    and,  on  this  account,  is  often  employed  for 

?mo\ing  acid  stains  upon  clotht*s.     We  shotdd  except, 

IQwever,  the  stains  produced  by  nitric  acid,  which  become 

acre  visible  instead  of  disappearing.     All  ammoniacal 

ilts,  except  the  carbonates,  are  odorless. 

Ammonia  is  obtained,  even  in  the  cold,  by  treating  any 

immoniacal  salt  with  a  lixed  alkali.     Sidphate  or  chlo- 

ide  of  ammonium  is  generally  employed  for  this  purpose, 

mcl  is  genemlly  heated  in  a  suitable  retort  with  slaked 

ime.     The  gas  produced  is  (iollected  by  dis[>lacem(nit  of 

lercury  under  bell  glasses,  or  in  tubes  of  glass,  where  it 

wanted  in  the  gaseous  state ;  or  is  dissolved  in  the  water 

mtaincd  in  the  flasks  of  a  Woulf's  apparatus  (Fig.  168), 


B 


Ir, 


we  desire  its  solution.     After  the  operation » there  re- 

laius  in  the  retort  the  sulphate  or  chloride  of  calcium 

(iccording  to  the  nature  of  the  ammoniacal  salt  employed. 

By  far  the  greater  proportion  of  the  conunercial  aqua 
Immonia  is,  at  the  present  time,  obtained  from  the 
immoniacal  liquors  of  coal-gas  w'orks. 

Ammonia  is  employed  ibr  aiding  the  s^ilution  of  the 
ipper  siilts  entering  into  the  composition  of  the  baths 

36 
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for  electrcMiepositi  of  copper  or  brass,  for  agemg  freshl; 
made  nilTer^baths,  for  precipitating  ftilmtnating  gold  from 
the  chloride  of  gold,  and  for  dissolTixig  the  film  of  copper 
dejKi^ited  at  the  beginning  of  galvanoplastic  operation 
with  silver,  etc 

SHver, 

We  use  silver  in  different  forms.  In  plates  foil,  powi 
or  granulated,  according  to  the  purpose  for  which  i 
intended. 

We  should,  as  far  as  practicable,  employ  it  pure ;  bal 
the  silver  found  in  the  trade,  even  under  the  name  ol 
virgin  divert  retains  traces  of  copjK'r.  fJoin  silver  con- 
tains one-tenth  of  co^iiier,,  and  stamped  silverware  a 
greater  or  less  proportion  according  to  the  standard. 

SUver  is  purified  by  several  methods : — 

1.  Tlic  impure  metal  is  dissolved  in  nitric  acid,  and  the 
solution  after  being  lurgely  diluted  with  water,  is  treated 
with  an  excess  of  a  filtered  solution  of  common  salt.  An 
abundant  white  precipitate  of  chloride  of  silver  is  pro- 
duced, which  rapidly  settles  to  the  bottom  of  the  vessel. 
All  the  silver  salt  is  deeomjjosed,  when  the  clear  super- 
natant litjuid  is  not  rendered  turbid  by  a  further  additiou 
of  common  salt*  The  chloride  of  silver  is  collected,  and 
washed  several  times,  until  the  wash  liquors  are  no  longer 
coloretl  brown  by  ferro-cyanidc  of  potassium.  Tins  is  tlie 
proof  thiit  all  the  copper  has  been  washed  out.  The 
washed  chloride  of  silver  is  mixed  with  two  or  three  times 
its  weight  of  carbonate  of  sodium,  dried,  and  the  mi.\ture 
fused  in  a  crucible  at  a  high  temperature.  After  cooling, 
the  metal  is  found  in  the  shape  of  a  button  at  the  bottom 
of  the  crucible.  To  granulate  it,  the  molten  silver  is 
poured  in  a  thin  stream  from  a  moderate  height  into 
large  volume  of  water. 
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%  Tlie  chloride  of  silver  is  pirpannl  as  in  tlie  first 
method;  then,  after  having  washed  out  the  copper  salt,  a 
considerahle  vohime  of  water  is  added,  then  an  excess  of 

raps  of  sheet  zinc  and  some  sulphuric  or  hydrochloric 
acid.  Hydrogen  gas  is  immediately  produced  in  abund- 
ance, and,  combining  with  the  chlorine  of  the  chloride  of 
silver,  reduces  the  nu*tal  to  the  form  of  a  fine  powder, 
which  is  separated  when  all  the  rXxiv  is  dissolved.  As  it 
ery  rarely  happens  that  commercial  zinc  is  free  from  lead 
'or  carbon,  tliis  method  is  seldom  employed.  The  sub- 
titution  of  iron  for  zinc  presents  no  advantages. 

Silver  is  easily  dissolved  in  pure  nitric  acid,  but  not  so 
rapidly  when  the  acid  is  contaminated  by  chlorine  or  hy- 
drocliloric  acid^  which  forms  an  envelope  of  chloride 
of  silver  around  the  metal,  thus  hindering  its  solution. 

Sulphuric  acid  also  combines  with  silverj  and  the  re- 
sulting salt  is  only  slightly  soluble  hi  w^ater*  As  for  hy- 
drochloric acid,  the  trace  of  silver  which  may  be  dissolved 
is  immediately  transfomied  into  chloride,  preventing  the 
further  action  of  the  acid. 

Cyanide  of  potassium  dissolves  metallic  silver  slowly, 
and  forms  a  double  salt  with  it.  On  the  other  hand,  the 
sulphites  dissolve  only  the  salts  of  silver  and  have  a  tend- 
ency to  reduce  them  to  the  metallic  state* 

Pure  silver  is  employed  for  the  preparation  of  the  ni- 
trate and  other  silver  salts,  and  as  the  soluble  anode  in 
silver-baths.  In  the  form  of  impalpable  powder,  and 
mixed  with  cream  of  tartar,  it  is  used  for  silvering  with 
the  brush,  and  for  the  paste  with  which  watch-works  are 
rained  before  being  gilded.  In  this  case,  the  silver  pow- 
er is  prepared  by  reducing  a  very  diluted  solution  of  the 
nitrate  of  this  metal  by  the  means,  of  strips  of  copper. 
Tliis  powder  should  be  w^ashed  several  times  with  ammo- 
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nia,  which  will  remove  all  the  copper  which  mav  adlii 

to  it. 

Nitrate  of  Silver  (poisonous). 
(Arf^ntitt  nitrate,     Lutmr  cmistie.     Lapis  itifemalb«) 

This  salt  is  found  in  tlie  trade  in  three  forms:  eith**r 
crystallized  nitrate  of  silver  in  thin,  rlionibic,  and  tmn«pl 
rent  plates  ;  or  in  amorphous,  opaqiu^,  and  white  plates 
fused  nitrate;  or  in  small  cylinders,  of  w^hite,  or  gray, fl 
black  color,  according  to  the  nature  of  the  mould  emploTPtJ 
in  which  form  it  constitutes  the  lunar  caiu*lic  for  8urs:ici 
uses. 

The  crystallized  nitrate  of  silver  still  retains  a  small  pn^ 
portion  of  nitric  acid  and  water  betw^eeu  the  laminirofii* 
crj^stals  ;  the  wliite  fused  salt  sho\ild  be  pure,  thoiurh  if  ^^ 
often  fraudulently  adulterated  witli  nitrate  of  pel 
or  sodium.     The  third  variety,  or  lunar  caustic,  g^ni 
has  its  surface  coated  with  a  film  of  reduced  silver  sd'' 
of  oxide  of  copper  from  the  moulds  into  which  itist^'* 
or  its  color  may  simply  be  due  to  the  inferior  quality^" 
the  silver  employed. 

Nitrate  of  silver  is  very  soluble  in  distilled  watfr,*!^''* 
with  ordinary  water  gives  a  precipitate  which  is  tV®^"^ 
er  less  copious  according  to  the  quantit}^  of  chlorid^^^  ^ 
water  may  contain.  This  precipitate  at  first  is  whitc.W 
soon  darkens  by  the  action  of  solar  light,  but  thi^  tian*" 
formation  does  not  take  place  when  it  contains  etciitf*^ 
of  chloride  of  mercury. 

The  solution  of  nitrate  of  silver  forms  yellow  pr 
with  the  iodides,  phosphates,  and   bromides;  ana^'^ 

*  However,  wbeti  tlic  nitrate  of  silver  had  lieeji  kept  loo  ^^^ 

igneous  fusion,  it  h  lasts  soluble  in  di.stiUed  water,  iiiul  thf  ^ 
bidity  of  tlie  liquid   i^  proWibly  due  lo  tin-  InnnuWin  */ ^ 
of  silver. 


MICAL    PRODUCTS   EMPLOYED   TN'    THE    ART, 


565 


s  witli  the  soluble  rlilorides,  sulphites,  eyanides, 
ites,  and  pyropliosphates.  With  the  exception 
jphates  and  pyrophosphates,  the  other  reagents, 
loycd  in  greater  or  less  excess,  will  redissolve 
tate  with  the  formation  of  donble  salts, 
jcisely  this  property  of  the  cyanides,  sulphites, 
tilphites,  wliirh  is  the  basis  of  the  preparation 
ths  by  simple  immersion,  or  with  the  battery. 
dissolves  even  the  most  insoluble  silver  salts 
I  iodides ;  but  as  this  solution  attacks  copper, 
'emarks  that  it  cannot  be  used  as  a  silvering 
itlistanding  the  advice  of  Boettger. 
of  silver  is  prepared  by  dissolving  pure  silver, 
or  laminated,  in  double  its  weight  of  pure  ni* 
'  40^  Hanm^,  This  operation  is  conducted  in 
sk,  or  in  a  porcelain  capsule.  Nitrous  vapors 
lly  disengaged,  and  the  metal  soon  disajipears 
olorless  liquid  (blue  or  green  if  copper  be  pres- 
?r  cooling,  and  a  rest  of  a  few  hours,  a  mass  of 
nitrate  of  silver  is  found,  which  is  drained,  and 
the  excess  of  acid,  washed  with  a  little  distilled 
rated  witli  nitrate  of  silver.  The  crystals  are 
gtove,  antl  kept  away  from  solar  light.  If,  in- 
oling  the  liquid  after  the  silver  has  been  dis- 
evaporation  be  continued,  the  mass  will  become 
1  then  fuse  by  a  greater  heat  to  a  grayish  liquid, 
r  be  nni  into  moulds  and  forms  t>he  so-called 
tic.  The  mass  obtained  by  the  fusion  of  the 
nitrate  of  silver  is  whiter,  and  is  known  as 
r  caustic.  It  maybe  either  run  into  moulds  or 
solidify  by  cooling  on  the  sides  of  the  capsule. 
;,  whatever  lie  its  mode  of  preparation,  should 
I  black  or  bine  bottles,  and  fiTc  from  contact 
ibstances,  which  woidd  reduce  the  metal. 
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It  is  employed  for  preparing  sSrcfing  batli>- 1 
moulds,  and  for  many  other  purposen 

^  ^  Nitraie  of  Mercury  (pQisaoou^i. 

{Mmorie  tiilrale*     Acid  ni rmie  oT  nercsrr.     ^  Qvic&tti^  * 

This  ^t  m  generally  sold  in  the  form  of  an  mly,  4 
tiquid,  which  is  the  denser  as  it  oontaini^  moie  (ice  idii 
It  stains  the  skin  a  riolet-red,  and  in  contact  wilh 
pirodtioes  a  pulvenilent  and  yeQowidi-white 
of  a  sabnitrate.  This  precipitate  dwappmrs  upon 
addition  of  a  few  drops  of  sulphnrie  or  nitric  add,  aad 
the  liquid  becomes  dear,  Sbo^d  the  solitlioii  of  nitrate 
of  mercury  be  concentrated^  sulphnric  acid^  instead  of 
dissoliing  the  precipitate,  increases  it»  from  die  formatioo 
of  insolnUe  siibsdphate  of  mercury. 

This  salt  is  used  in  our  art  for  slightly  analgafliatn^ 
(coating  with  quicJtsilver)  the  pieces  which  are  to  he 
silTered  or  gilded.  This  amalgam  Ibsns  a  kind  ofsoMer 
between  the  metallic  surfiuie  operated  on^  and  the  dt'fvidtrd 
metaL  J 

Nitrate  of  mercury  is  obtained  by  diasritiiig  At  a  teia-J 
perattue  of  about  2rP  Fak  a  ccrtmin  quantity  of  nlc^ 
cury  in  double  its  weight  of  nitric  acid  of  40^  Baome,  and 
continuing  the  beat  until  yellow  Amies  no  longer  appear. 

K  instead  of  operating  with  the  aid  of  heat,  the  r^ 
action  be  effected  in  the  cold;  or,  if  the  propoitioii  of  j 
mercury  be  in  excess  of  the  pcemaary  qnantitT  of  nil 
add,  we  obtain  a  salt  of  suboxide  which  is  not  so : 
able  for  our  purpose. 


This  salt  is  sometimes  pcodnced  by  titt  nctioii  of  _.  , 
bonate  of  potassium  upon  nitrate  of  calciam;  the  latter 
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substance    bcinp:   spontatieonsly    formed    on    old,  damp 
^walls  which  contain    lime,  and   which    are    exposed    to 
the  emanations  from  decomposing  vegetable  or  animal 
I  matters, 

A  natural  saltpetre  with  sodium  for  base  (nitrate  of 
Ifiodiiim)  is  found  in  ^vent  quantities  in  Peru  and  Chili, 
[and  constitutes  an  important  artirle  of  commerce. 

Nitrate  of  potassium  is  colorless,  odorless,  and  has  a 

^cooling,  saline  taste;  it  is  very  soluble  in  water,  and  a 

fconcentrated  solution  deposits,  on  cooliii;^,  fine  prismatic 

^cr^^stals,  which  are   more    or  less  translucent.     Thrown 

'upon  burning  coals,  it  fuses, and  increases  the  combustion 

by  parting  with  a  portion  of  its  oxygen.     Concentrated 

sulphuric  acid,  poured  upon  nitrate  of  potassium,  disen- 

^  giiges  white  fumes  of  nitric  acid  ;  on  the  other  hand,  these 

I  vapors  are  yellow  when  a  metallic  powder,  such  as  cop- 

vper,  iron,  zinc,  etc.,  has  l)een  mixed  with    the  nitrate  of 

■  potassium. 

■  Distilled  in  closed  vessels  with  more  or  less  concen- 
I  tnited  sulphuric  acid,  nitrate  of  potiissium  produces  nitric 
I  acid,  or  aqua-fortis,  of  various  degrees  of  concentration, 

■  Before  using  the  crude  nitrates  of  sodium  or  potassium 
"  for  the  manufacture  of  aqua-fortis,  it  is  advantageous  to 

purify  them  liy  one  or  two  crystallizations,  in  order  to 
separate  the  chlorides,  iodides,  and  bromides  with  wliich 
they  are  impurified  and  which  remain  in  the  mother  liquors. 
We  employ  saltpetre  for  producing  a  dead  lustre  upon 
objects  gilded  by  fire,  and  in  the  preparation  of  desilver- 
izing baths. 


Bicarbonate  of  Potamum. 

This  salt  is  white  and  colorless,  and  crystallizes  either 
in  tabular  forms,  like  nitrate  of  silver,  or  in  cubes^  like 
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conimon  salt  or  iodide  of  potassium.  It  is  soluble  ii 
tepid  water^  without  decomposition ;  but  at  the  boiliu| 
point,  it  loses  one-fourth  of  its  carlwnic  acid  and  becomes 
a  sesquicarl»onate.  At  red  heat  it  is  trnnsfornied  inta^ 
simple  carbonate,  that  is  to  say,  it  loses  another  fourth™ 
of  carbonic  acid. 

Eicarbonate  of  potassium  blues  red  litmus  paper,  and 
possesses  little  taste.  Its  cold  solution  is  not  precipitated 
by  one  of  sulphate  of  inagnesium,  but  an  abundant  pre- 
cipitate is  Ibrmed  ou  applying  heat,  since,  then,  part  of 
the  carbonic  acid  is  disengaged,  and  an  insoluble  sesqui- 
carbonate  of  magnesium  is  formed.  M 

This  salt,  which  is  employed  for  the  preparation  of  certain 
batlis  for  gilding  by  simple  immersion,  and  for  the  preiv  ^ 
amtion  of  ryanidc  of  potassium,  is  obtahied  by  conducting  B 
a  stream  of  carbonic  arid  gas  through  a  concentrated  solu- 
tion of  carbonate  of  potassium,  imtil  the  liquid  is  no  longer  ■ 
rendered  turind  by  the  adtUtion  of  sulplmte  of  magnesium,  ™ 
or  nitrate  of  calcium.  It  trystallizes  after  a  brief  |>eriod  of 
rest,  being  much  less  soluble  than  the  simple  carbonate 

Bicarhonate  of  Sodmm., 
(Myf1ro;;:en -sodium  rarboiiate.     Baking  powder.) 

The  properties,  uses,  and  preparation  of  this  compound  ; 
correspond  with  those  of  the  bicarbonate  of  potassium. 


Bmoxalate  of  Potassiffm  (poisonous). 
(Salt  of  soriM-l.) 

Is  a  white  crystaUine  salt,  which  occurs  already  formed ' 
in  the  sap  of  certain  plants,  and  especially  in  that  of  the 
soiTcl  (Riimex  acetOHella)^  from  Avhich  it  is  extmcted  by 
the  simple  concentration  of  the  liquid. 

Tliis  suit  is  acid  and  decrepitates  in  the  fire,  the  oxalic 
acid  which  it  contains  decomposing  into  carbonic  acid  and  j 
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carbonic  oxide,  which  last  is  disengaged.  It  enters  into 
the  composition  of  the  silver  paste  for  cold  silvering  by 
friction. 

Bitartrate  of  Potassium. 
(Hydrogen -potassium  tartrate.     Cream  of  tartar.     Argol.) 

This  salt  occurs  nearly  pure  in  wine,  from  which  it 
becomes  separated  in  the  shape  of  small  white  or  red 
crystals,  according  to  the  color  of  the  liquor.  It  is  col- 
lected from  the  sides  of  wine  casks,  and  purified  by  bone 
black,  in  which  state  it  is  known  as  cream  of  tartar. 
Before  this  purification,  it  is  crude  tartar  or  argol. 

Bitartrate  of  potassium  is  acid,  slightly  soluble  in 
water,  and  it  decrepitates  in  the  fire,  where  it  blackens, 
disengaging  a  smell  like  that  of  burnt  sugar.  It  is  em- 
ployed for  the  preparation  of  the  whitening  silver  baths, 
for  those  of  tin,  and  for  the  silvering  paste  by  friction. 

Bihorate  of  Sodium. 
(Sodium  biborate.     Borax.     Tincal.) 

This  well-known  compound  occurs  generally  in  the 
shape  of  colorless  prismatic  crystals.  It  occurs  abundantly 
in  natural  deposits  in  the  borax  lakes  of  Nevada  and  else- 
where. 

Borax  is  soluble  in  water,  has  an  alkaline  reaction,  and 
a  bitter  saline  taste.  When  heated,  it  fuses  in  its  water 
of  crystallization,  which  it  loses,  after  which  it  swells  up 
considerably.  A  further  increase  of  heat  causes  it  to  fuse 
again,  and  it  becomes  transformed  into  a  kind  of  trans- 
parent and  colorless  glass,  which  may  be  drawn  out  into 
long  filaments, 

.  Vitreous  (fused)  borax  is  a  powerful  solvent  of  most 
metallic  oxides,  which  impart  to  it  various  colors.  This 
property  of  dissolving  metallic  oxides  renders  borax  very 
useful  for  soldering,  brazing,  or  welding  diflerent  metals. 
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A  powerful  acid,  pourod  into  a  hot  and  concentratiHi 
fiolution  of  borax,  separates  the  boracic  aetd  in  the  funn 
of  scales.  Borax  ground  with  a  little  sulphuric  acid  and 
alcohol  io]{>art«  to  the  flame  of  tlie  latter  a  cbaracter- 
i.stir  yellov^ish-green  color. 

The  biborate  of  sodium  is  prepared  by  saturating  with 
an  excess  of  boracic  acid  a  hot  and  concentrated  ffolution 
of  carbonate  of  sodium ;  or  the  natural  mineral  is  simpk 
purified  by  several  crystallizations, 

llorax  is  employed  for  restoring  the  shade  of  defective 
gildingsi,  and  for  destroying  the  subsalts  of  silrer  formed 
iu  electro-silvering  baths,  and  which  injuriously  affect  the 
color  of  the  electro-silver  deposits. 

IndiU'IiuhbeK 
(CaoiiCchouc.     Guiu-elajstic.) 

This  substance  is  white  when  pure ;  but  its  colorls] 
generally  brown  or  red,  caused  by  the  smoke  of  the  fire 
employed  in  drying  it. 

India-rubber  is  extracted  from  the  sap  flowing  from  in- 
cisions made  in  the  trunk  of  Ficus  elastica  or  cahuca^n 
tree  indip^enous  to  Java.  The  milky  sap,  by  settling,  be- 
comes divided  into  two  layers,  the  lower  one  of  wliicli  is 
liquid,  and  the  other  thicker  and  cream-like,  and  formed 
of  a  multitude  of  small  globules.  This  |>ortion  is  removedi 
washed  with  salt  water,  and  spread  in  thin  layers  upoa 
tables  or  over  pear-sJiaped  clay  balls  with  a  stick  as  a 
handle.  The  dryin^^  is  done  at  the  ordinary  tern  per  iitimN 
or  with  the  aid  of  heat;  and,  in  the  latter  case,  the  sniokc 
colors  the  substance  of  the  mim. 

India-ruhl>er  is  essentially  elastic,  and  this  proi>erty 
renders  it  very  valuahle  for  many  |nu'poses,  as,  for  instaiicei 
moulding  highly  wrought  patterns.  The  elasticity  i^ 
creases  with  the  temperature  ;  but  at  250^  to  260°  Fah^ 
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the  glim  melts,  and  fuiniislies  a  viscous  liquid  which  sel- 
dom returns  to  its  primitive  consistency.  If  the  tempera- 
ture be  raised  still  higher,  the  mass  remains  permanently 
liquid  and  sticky.  Lastly,  at  a  still  greater  heat,  India- 
rubber  will  burn  with  a  sooty  flame. 

The  combination  of  sulphur  with  India-rubber  furnishes 
a  peculiar  ]jroduct  equally  elastic,  but  free  from  the  dis- 
advantage of  becoming  softened  and  sticky  by  heat.  This 
product  is  called  vulcanized  rubber,  and,  by  modification 
of  the  treatment,  niay  be  converted  into  the  substance 
known  as  *^  hard  rubber,"  which  is  used  for  a  midtitude 
of  pur|)08es. 

Water,  alcohol,  and  acids  do  not  dissolve  India- 
rubber;  on  the  other  hand,  ethers,  bisulphide  of  carbon, 
essential  oils,  and  benzole  dissolve  and  leave  it  behind 
after  the  volatilization  of  the  solvent.  Thesje  solutions 
give  us  the  means  of  obtaining  very  delicate  moulds  ; 
but,  in  this  case,  we  sliould  only  apply  very  thin  and  suc- 

tcessive  coats  of  the  solution,  otherwise*  the  exterior  sur- 
face being  the  first  to  solidify,  will  prevent  the  drying  of 
the  intermediary  layers. 

fH  Chloride  of  Silver. 

m  (Argentic  ^liloride.     Horn  silver*     Muriate  of  siJver.) 

This  substance,  when  obtained  by  precipitation,  is  pure 
white,  but  soon  tarns  blue  and  then  black  by  exposure  to 
the  light:  to  prevent  tliis  decomposition  it  should  be  kept 
in  blue  or  opaque  bottles.  It  fuses  at  aliigh  tem)>erature, 
and  acquires  the  appearance  of  horn,  from  wlrich  it  de- 

r  rives  its  name  of  horn  silver. 
When  chlorine  water,  hydrochloric  acid,  or  any  solu- 
ble chloride  is  introduced  into  a  solution  of  a  silver  salt 
there  is   immediately  produced  a  copious  pri*cipitate  of 
chloride  of  silver,  which  is  insoluble  in  water  and  in  con* 
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centratovl  acids,  \ml  soluble  in  ammonia,  the  cyanides,  hv- 
pi>>iilph:rt><  and  sulphites  of  the  alkalies  or  alkaline  eard& 
This  prwiivltate  i-^  soluble,  though  to  a  much  les?  decree 
in  the  brv^Tiiidcs,  xxiides,  chlorides  and  fluorides  of  die 
alkalies  or  :ukal:i:e  earths, 

Chlor.dv  of  silver  is  employed  in  the  preparatioc  of  die 
hirhs  for  el-.-cmr-silverlr^.  f>r  the  whitening  baths,  and 
for  :be  rvisxos  >>r  sdlvrrii:^  bv  friction- 

PrrrX':\  V  -vtV  or  7t«  ,  potsonoas). 

This  -jvil:  is  ^AnirVrirtc  ztl  lirje  q^iazidiies.  and  ocnns 
ill  The  :  .^r:::  :"  sci&ll  r-t^ril^^iike  crysckis*.  It  is  giea^  lo 
:!x:  rou.r..  :\:>e>  rv-^iiiy.  .?»:<z.n-ji:ii':ares  to  the  finsei?  a 
chAr*oCt  -<:•:  :«i:r,  ini  his  ;k  ^riasce  a:  irsc  iaiine  and  then 
ascriricv:::  m^i  .-t^uso:. 

lV:co»:*r.l:r-»iK  :•:'  ti-  is  -six-STf  ir.  w^ier.  bat  is  parth* 
ivwcyvr.'.*:'.:  :-  ::.:•  stitt  :■:  i^hiT-e  sn'S^fcli.  which  iseasly 
vi^j5^:V:vi   r.    .  --^\*  -\  -.vs    :"  i.-ji 

v:v».*^..T:  . "  r.?^*  ■  •_•-•    .<  ^.'ijL'j'c   :•:  "ri.^  sl1t»  Sit  in 

tV-V's^    .       T.       ":  -^    ;■     r-v".  ^^:,  ■  t*^    T>r    T-rfVITCTitr.       T!12> 

v^ J  f. : :  •  *.  '  ■.       .".    \  ■  *; *v^     ~   :    *    :  "  ir  •  li  tj  :   i-  r  d  i.  r TtT«:-:ii- 

,*T*  <*■/-!.  r. 

W  -,..    -  •,.•    -•  ^~    <   f-     r.'-.';*:»'L  T'rjfT  irsv  r*2s*  zl  tDfir 

•*  ^  *•  ^^-''  ■  -  -  -  ".'"-'  •"*  ■  '"'^  ■  'T  "  r  T.  "^  ::r.*» :  !!_• :  cj :  i^  :i»  i.  T^f  vc<r*- 
r*-*.  ^  .vi'";yi«,';*i  »  •.:■■:  -^j.i.  -^irr^  rrTnt**-  "ii?x:ir  "K*  '* 
;^';i.' :».\  "»:..'.-*.  *^  .  '•;•: •■"..'.'t  ^T-f  *"it:*  sLJt i*S€ii:  2S  2iRci: 
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volatilize.  The  fused  chloride  of  tin  thus  obtained  is 
eferable  for  tinning  with  alkaline  baths. 

Chloride  of  Gold. 
(Auric  chloride.  Terchloride  of  gold.  Muriate  of  gold.) 
This  salt  occurs  in  masses  of  needle-like  crystals,  which 
^  yellow,  red,  or  brownish-red,  according  as  it  has  been 
)re  or  less  perfectly  deprived  of  acid.  That  generally 
d  by  manufacturers  of  chemical  products  is  a  light 
How ;  and  besides  the  fact  that  it  contains  less  gold  than 
3ught  to,  it  still  retains  an  excess  of  acid,  which  is  in- 
rious  to  the  baths. 

Chloride  of  gold  is  decomposed  by  light  into  metallic 
Id  and  chlorine ;  hence  the  necessity  of  keeping  it  in 
aque  bottles,  with  ground-glass  stoppers.  Cork,  like 
ler  organic  substances,  decomposes  this  salt. 
Chloride  of  gold  absorbs  atmospheric  moisture,  and  he- 
mes resolved  into  a  liquid  of  a  fine  yellow  color.  It 
oduces  violet  stains  on  the  skin,  and  dissolves  in  water 
nearly  all  proportions. 

It  is  distinguished  by  giving  a  precipitate  of  purple  of 
.ssius  with  protochloride  of  tin,  and  by  depositing  spongy 
Id  when  strongly  heated.  A  diluted  solution  of  chloride 
gold  is  decolorized  by  sulphurous  acid,  and,  after  a  cer- 
n  time,  or  more  rapidly  by  heat,  the  metal  is  precipitated 
a  powder,  which  is  green  by  transmitted,  and  red  by 
lected  light. 

If  a  solution  of  this  salt  is  added  drop  by  drop  to  a  di- 
ted  solution  of  sulphite  or  hyposulphite  of  sodium,  a 
lorless  double  salt  is  produced.  On  the  contrary, 
ould  we  pour  the  solution  of  the  sulphite  or  hyposul- 
ite  into  that  of  the  gold,  this  metal  is  immediately  and 
mpletely  precipitated. 
The  soluble  cyanides  or  prussiates,  precipitate  the  clilo- 
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ride  of  gold  at  first  as  cyanide  from  conceyifrafed  solution»; 
but  an  excess  of  the  reagent  redissolves  the  preci|iitate, 
and  forms  with  it  colorless  double  salts,  which  form  the 
usual  electro-gilding  baths. 

Carbonates,  bicarbonates,  and  pjTophosphates  also  pro- 
duce double  salts,  which  mhy  be  crystallized,  and  which, 
in  certain  cases,  form  the  simple-immersion  j^lding  bathi 

Chloride  of  gold  maybe  prepared  by  diiFerent  method?: 
the  most  simple  of  which  consists  in  dis**olviiig  the  fiTirlt 
laminated,  or  otherwise  comminuted,  metal  in  aqua-n:gii. 
made  by  the  addition  of  two  part«  of  pure  hydrocWoDC 
acid  to  one  of  pure  nitric  acid.  The  operation  is  conducted 
iti  H  glass  fliisk,  and  with  the  aid  of  a  gentle  heat,  until 
all  of  the  gold  has  dissolved  to  form  a  yellow  liquid,  whirk 
still  retains  a  great  excess  of  acid.  The  heat  is  tJicu 
sHghtly  increased,  and  continued  until  the  liquid  is  a  hy^ 
cinth-red.  After  cooling,  a  crystallized  mass  of  a  fine  yet 
low  color  is  obtained,  which  is  well  adapted  to  the  prept* 
ration  of  the  immersion^gilding  baths.  On  the  other  haiiJt 
for  electro-gilding  baths,  we  should  continue  the  actioa  of 
the  fire  imtil  the  liquid  in  the  flask  has  acquired  * 
blackish-red  color,  without  losing  its  fluidity.  On  cool- 
ing, the  crystals  are  brown-red.  lloseleur  prefers  to  iwf 
a  glass  flask  for  this  purpose  in  preference  to  a  portelaiD 
capsule  or  dish,  beca^ise  the  evaporation  is  too  rapid  in 
the  latter,  and  part  of  the  chloride  of  gold  may  be  car* 
ried  mechanically  out  of  the  vessel. 

The  flask  (Fig.  16t))  should  stand  upon  a  perforated 
plate  of  sheet-iron.  We  thus  avoid  the  reduction,  by  Ja 
excess  of  heat,  of  a  portion  of  the  chloride  of  gold.  ShouM 
the  heat  be  too  great*^  or  too  protracted  beyoud  the  tiflW* 
necessary  to  ex]x4  the  excess  of  acid,  the  terchloriclp  <if 
gold  will    be  transformed   first   into    an    insoluble  >^> 
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chloride,  and  then  to  the  metallic  state,  and  the  operations 
of  solution,  etc.,  would  have  to  be  begun  anew. 


Some  operators  buy  their  aqua-regia  already  made, 
which  is  not  advisable,  as  the  acids  react  one  upon  the 
other,  even  without  the  presence  of  the  metal ;  the  useful 
portion  becomes  lost,  and  what  remains  is  nearly  useless. 
It  is  advisable  in  all  cases  to  make  the  mixture  just  before 
using  it.  Some  prepare  the  chloride  of  gold  with  a  mix- 
ture of  nitric  acid  and  sal-ammoniac  or  common  salt. 
This  method  is  not  as  good  as  that  described  above,  and 
is  retained  at  present  only  by  gilders  on  porcelain  wares. 
Lastly,  gold  may  be  dissolved  in  chlorine  water;  but 
this  process  is  expensive. 

Chloride  of  Platinum. 
(Platinic  chloride.  Tetra-chloride  of  platinum.  Muriate  of  platinum.) 
This  salt  is  amorphous,  of  reddish-yellow  or  blackish- 
red  color,  according  to  the  degree  of  evaporation  of  the 
excess  of  acids.  It  has  a  great  analogy  with  the  chloride 
of  gold,  both  in  its  appearance  and  deliquescent  properties 
(when  strongly  acid);  but  it  is  not  so  readily  decom- 
posed by  light  and  organic  substances. 
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Its  Bqueous  solution  is  gold-yellow  when  dilut 
dark -yellow  when  concentrated;  but  never  \vh 
unless  it  contiiins  palladium,  iridium,  or  rhodium,  ft 
colored  a  wine-red  by  imlide  of  potassium.  Pota^sa  nu 
its  salts  in  concentrated  solution  give  a  yellow  precipifate 
with  chloride  of  platinum  ;  sometimes  it  is  nere^i^anfa 
stir  the  mixture  with  a  glass  rod  before  the  precifwrifr 
takes  place.  Soda  does  not  jn'oduce  this  rei*nlt,  unlps^io 
higlih  concentrated  solutions,  almmoniacal  salfj^  sk 
givt^  a  yellow  precipitate,  which,  on  ealeinaiion,  Itai 
behind  spongy  platinum. 

The  chloride  of  platinum  resists  the  action  of  \h 
l>etter  than  that  of  gold  ;  it  is  presently,  however,  <- 
first  into  a  subchloride  of  platinum,  and  finally  il    j 
verulent  metid. 

When  a  brass  surface  is  niblx^d  with  chloride  of 
num  it  acquires  the  color  and  lustre  of  steel,  and 
coating  is  often  quite  durable. 

Periectly  neutral  chloride  of  platinum,  mixed  uodi 
muUcr  with  certain  fatty  and  essential  oils,  furai! 
paste  which  is  used  for  applying  thin  coatings  of 
upon  stoneware,  pottery,  glass,  and  porcelain. 

Chloride  of  phitintun  is  freely  soluble  in  camtic 
and  in  the  carbonate  and  phosphate  of  this  base,aatl 
furnishes  more  or  less  satisfactory  baths  for  obtaining 
inum  deposits. 

This  salt  is  prepared  like  the  chloride  of  gi:)ld;  but 
aqua-regia  should  be  made  of  five  parts  of  hydroitilogjj 
acid  to  three  of  nitric  acid.     The  product  is  eva 
nearly  to  dryness  in  a  porcelain  capsule,  from  which  it 
readily  he  detached  after  cooling.     If  it  be  desired  to 
it  more  acid,  and  therefore  more  easy  to  dissolve,  i| 
poured  while  still  fluid,  and  not  sensibly  fuming,  u| 
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^porcelain  plate,  from  which  it  is  easily  separated  after 
moling. 

Chloride  of  Zinc  (poisonous). 
(Hydrochlorate  or  muriate  of  zinc.     Butter  of  zinc.) 

This  substance  is  more  or  less  gray,  or  white  in  color, 
^3ording  as  it  has  been  prepared  in  iron  or  porcelain 
ssels,  or  has  been  more  or  less  thoroughly  desiccated, 
is  caustic,  greasy,  and  hot  to  the  touch.  It  absorbs 
CDisture  with  such  energy  that  a  few  minutes  of  ex- 
^sure  to  the  air  are  sufficient  to  cause  it  to  completely 
^uefy.  It  may  be  distilled  withoirt  decomposition  like 
^rcury  and  other  volatile  substances,  and  then  possesses 
i^e  appearance  of  butter,  whence  its  name  of  "  butter  of 
tic." 

Chloride  of  zinc  is  employed  for  aiding  soldering,  braz- 
cig,  or  welding  operations,  for  which  uses  it  should  be 
IS  neutral  as  possible  in  order  that  the  metals  shall  not 
)e  corroded  by  the  free  acid.  It  enters  into  the  comj)o- 
ition  of  the  brassing  or  zincing  baths. 

It  is  prepared  by  dissolving  zinc  in  hydrochloric  acid, 
iltering  the  solution  after  it  has  been  left  standing  for  a 
3w  days  in  contact  with  an  excess  of  zinc,  and  evaporating 
\  cautiously  to  igneous  fusion.  At  this  moment,  abund- 
nt  and  heavy  white  fumes  are  disengaged.  The  mass  is 
iien  cast  into  thin  plates  by  pouring  it  out  on  porcelain 
ishes ;  and  these  plates  are  broken  up  at  once  after  cool- 
ig,  and  kept  in  well-stoppered  glasses. 

Cyanide  of  Silver  (poisonous). 
(Prussiate,  or  hydrooyanate,  of  silver.) 

This  substance  is  white,  becomes  slowly  black  when 
xposed  to  light,  and  is  insoluble  in  water  and  in  cold 
cids,  which,  however,  will  dissolve  it  with  the  aid  of 
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Iinit.  It  iN  (liss()lv(»d  and  decomposed  by  the  sulphites 
hypoNiilpliitrs,  iind  rhlorides;  the  cyanides  and  prussiates 
Innn  with  it  <l()iihh»  suits.  A  cyanide  of  silver  is  always 
loniird  whru  a  sohihh*  silver  salt  is  treated  with  a  cyanide. 

ir  intrtMhuMHl  dry  into  a  small  tube,  closed  at  one  end, 
and  dniuu  <nit  at  tlie  other  extremity,  leaving  but  a  fine 
a|HMlun\  it  jit^hls,  at  a  rtnl  heat,  a  deposit  of  metallic  sil- 
\er  with  rarhtnu  and  ryano{j:tni  gr^s  which  escapes  at  the 
MUUiU  a|HMl\in\  and  which  when  ignited  bums  with  a 
uuu^KhI  hhu^  and  purple  flame. 

t\\«t\idt^  of  sihor  is  propand  by  passing  cyanogen  gas 
f ht>Mijjlu  or  addin::  hydnvyanic  acid  to,  a  cold  solution  of 
uitnito  of  mI\ or.  The  prtxnpitate  formed  is  thoroughly 
wavh^xU  and  kopt  iu  a  moist  condition  in  blue  or  black 
Mtlos, 

Wo  h:no  ^:xor».  in  :ho  article  on  C<^d  EleHro^ffiMhtg 
Rjf's,  ,;V,  :V,o  vv.rtv::or.s  :u>i\^>c»,ry  for  pnc^perly  preparing 
Th;>  >\;SN:„r.vV  I:  >Vv^r/.Kl  :v.^:  V  Toi^^^rron  that,  whatever 
V  tVs^  v/\. '  V  1:  ".  V.  \:^':;:  v  .vr^^.:  w::h  cyanivk  of  j:«oras- 
v;;*v,  :;  v  '  ^  .:\,  v;:r::v;  \';:;  ^y^:.:^t  ^f  silver,  which 
>  •w^w.'v.  ,\A^^   /:*  ;\v:::;.i;f    ;f   ^vc^>5>:u:::.  to 
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yellow  tinge,  resulting  from  the  precipitation  of  a  soluble 
copper  salt  by  cyanide  of  potassium. 

Whatever  be  its  mode  of  production,  it  is  freely  solu- 
ble in  all  the  alkaline  cyanides. 

By  solution  in  an  excess  of  cyanide  it  forms  the  double 
cyanide  of  potassium  and  copper,  constituting  the  bath 
used  for  electro-coppering. 

Cyanide  of  Ammonium  (poisonous). 
(Hydrocyanate  of  ammonia.  Prussiate  of  ammonia.) 
We  may  obtain  with  this  salt  the  same  baths  as  with 
the  cyanide  of  potassium.  It  is,  however,  rarely  used, 
because  it  is  easily  decomposed,  and  has  a  disagreeable 
cadaveric  smell.  It  is  obtained  by  exactly  neutralizing 
ammonia  with  hydrocyanic  (prussic)  acid. 

Cyanide  of  Calcium  (poisonous). 
(Hydrocyanate,  or  prussiate,  of  lime.) 

This  salt  is  employed  for  decomposing  the  carbonates 
formed  in  baths  of  cyanide  of  potassium.  It  will  be 
readily  understood  how,  by  double  decomposition,  an  in- 
soluble carbonate  of  calcium  is  formed,  while  a  propor- 
tional quantity  of  cyanide  of  potassium  is  reconstituted. 
This  salt,  in  the  majority  of  cases,  should  be  preferred  to 
hydrocyanic  acid. 

A  solution  of  cyanide  of  calcium  is  obtained  by  adding 
hydrocyanic  (prussic)  acid  to  freshly-slaked  caustic  lime 
in  excess.  By  filtration,  the  excess  of  lime  remains 
behind,  and  the  cyanide  of  calcium  is  found  in  the  filtrate. 
This  salt  cannot  be  obtained  in  the  solid  state,  is  decom- 
posed by  heat,  and  it  is  better  to  use  it  when  recently 
prepared. 


5S0  GALTAXOPLASnC  MAXIPriiATIOXS. 

Cyanide  of  Gold  (poisonous). 
(Pnj<>iaie,  or  bTdrocTanate,  of  gold.) 
It  is  of  an  earthy  yellow  color,  and  behaves  with  reagents 
very  much  like  the  cyanide  of  silver.  Cyanide  of  gold  is 
prepared  by  precipitating  a  solution  of  chloride  of  gold 
with  a  solution  of  cyanide  of  potassium.  An  excess  of 
alkaline  cyanide  must  be  avoided,  as  it  will  dissolve  the 
precipitate  and  form  a  double  cyanide  of  gold  and  potas- 
sium. This  salt  is  employed  for  the  preparation  of  gild- 
ing baths,  and  is  preferred  to  the  chloride  for  this  purpose, 
as  it  avoids  the  objection  of  introducing  chloride  of  potas- 
sium into  the  gilding  solution. 

Ci/atiiile  of  Potassium  (extremely  poisonous). 

(White  prussiate  of  potaj^li.) 

Xo  product  is  more  important  to  the  electro-plater  than 
the  cyanide  ol*|K)tassium,  which  is  the  basis  of  most  of  the 
baths  employed,  and  the  purity  of  which  is  so  necessary 
for  the  success  of  tlie  o]x^ration. 

At  the  s<\me  time,  nothing  more  closely  resembles  ^ 
good  cyanide  tlian  a  bad  one;  a  fact  that  has  aided  man? 
manufacturers    in    producing,  at    cheap   rates,    product^ 
which  liave  nothing  in  common  with  real  cyanide  but  th^ 
name. 

It  may  be  formed  by  introducing  dry  ferro-cyanide  of^ 
potassium  in  an  iron  crucible  heated  to  redness,  and 
maintaining  the  mass  in  a  state  of  fusion  for  about  a  half 
hour,  or  as  long  as  gas  continues  to  be  given  off,  keeping 
the  crucible  closed  as  much  as  possible  during  the  opera- 
tion. In  I^iebig's  plan,  eight  parts  of  drj-  ferro-cyanide 
of  potassium  are  mixed  with  three  parts  of  dry  carbonate 
of  potassium  and  fused  as  above. 

Cyanide   of  potassium,  or   rather   all  of  the  alkaline 
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cyanides  at  first  precipitate  metallic  solutions,  and  then 
redissolve  the  metallic  cyanide  to  form  double  salts.  A 
certain  number  of  metals,  however,  should  be  excepted, 
such  as  platinum,  bismuth,  antimony,  tin,  etc. 

Cyanide  of  potassium  forms  with  the  salts  of  peroxide 
of  iron  a  precipitate  of  Prussian  blue.  This  color  is  de- 
veloped especially  in  the  presence  of  an  excess  of  hydro- 
chloric acid,  but  disappears  on  the  addition  of  an  alkali. 

Ferrocyaiiide  of  Potassium  (poisonous). 
(Yellow  prussiate  of  potassa.) 

This  product  is  manufactured  on  a  large  scale,  and  has 
many  uses  in  the  arts.  It  occurs  in  the  shape  of  fine 
yellow,  and  semi-translucent,  crystals  with  mother-of-pearl 
lustre,  which  break  gradually  and  without  noise.  The 
fracture  is  jagged,  and  filled  with  a  multitude  of  small 
bright  spots. 

The  dried  salt  is  yellowish-white ;  at  a  higher  tem- 
perature it  decrepitates,  and  is  decomposed  into  white 
cyanide  of  potassium,  and  cyanide  of  iron,  the  cyanogen  of 
which  in  its  turn  is  expelled  as  gas,  while  the  iron  is 
reduced  to  the  metallic  state,  or  to  that  of  a  carbide. 

The  solution  of  ferrocyanide  of  potassium  is  straw- 
yellow,  and,  like  the  simple  cyanide  of  potassium,  precipi- 
tates and  redissolves  afterwards  nearly  all  metallic  salts. 
Its  solvent  power,  however,  is  much  less  energetic.  The 
metallic  anodes  are  but  slightly  dissolved  in  the  baths 
composed  of  yellow  prussiate,  which  renders  the  use  of 
such  baths  expensive. 

The  ferrocyanide  is  somewhat  poisonous,  and  does  not 
emit  any  smell,  or  absorb  moisture. 

It  is -prepared  by  carbonizing  animal  matters,  such  as 
blood,  horn,  hair,  etc.,  with  a  mixture  of  carbonate  of 
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by  adding  to  the  gelatine,  before  pouring  it  upon  the  pat- 
tern, a  few  hundredths  of  tannic  acid,  which  combines 
with  it,  and  forms  a  kind  of  leather  which  resists  the 
action  of  the  liquids  better.  At  all  events,  gelatine  moulds 
should  be  rapidly  coated  with  the  metallic  deposit,  other- 
wise they  will  give  very  imperfect,  or  valueless,  copies. 

While  it  is  true  that  hot  water  dissolves  a  great  pro- 
portion of  gelatine,  which  sets  on  cooling,  this  property 
disappears  after  too  prolonged  ebullition,  when  a  syrup 
is  left  which  will  not  coagulate. 

Benzole. 
(Benzine.     Light  oil  from  coal  tar.) 

When  coal  tar  is  distilled,  there  remains  in  the  retort 
a  thick  mastic  called  pitch,  and  the  distillate  is  composed 
of  essential  oils,  having  different  specific  gravities  and 
points  of  ebullition.  Those  which  are  lighter  than  water 
are  collected  apart,  and  are  deprived  of  their  coloring 
matter  by  more  or  less  prolonged-  treatment  with  concen- 
trated sulphuric  acid,  and  then  with  soda.  After  the 
proper  washings  and  one  or  several  distillations,  a  liquid 
is  obtained  which  is  colorless,  smelling  strongly  of  coal 
gas,  with  a  sharp  and  bitter  taste,  and  which  is  completely 
insoluble  in  water,  although  it  imparts  its  odor  to  the 
latter.  This  product  becomes  oxidized  and  reddens  under 
the  action  of  solar  light,  when  it  has  not  been  perfectly 
rectified. 

Benzole  is  an  excellent  solvent  of  all  the  oils,  resins, 
gums,  varnishes,  fats,  etc.,  and  is  therefore  very  useful  in 
our  art.  It  is  much  superior  to  the  alcohol  and  essence 
of  turpentine  formerly  employed  for  removing  stopping- 
off  varnishes,  and  may  be  used  in  the  cold,  which  is  a 
great  advantage  with  inflammable  substances.  A  small 
proportion  of  naphthaline  is  sufficient  to  give  a  pink,  red, 
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or  brouTi  tinge  to  benzote ;  but  this  is  of  no  consequence 
for  our  operations.  The  preparation  of  this  substance 
involves  such  great  danger  from  fire  that  we  cannot  recom- 
mend our  readers  to  undertake  it.  Moreover,  it  is  found 
in  the  trade  very  cheap,  and  pure  enough  for  our  pur- 
poses. 

Phosphate  of  Ammonium. 

This  salt,  which  is  absolutely  necessary  for  the  compo- 
sition of  baths  for  tliick  platinum  deposits,  is  obtained  by 
the  exiui  saturation  of  phosphoric  acid  with  ammonia. 

The  liquid  obtained  is  then  evaporated  at  a  gentle  heat, 
and  a  few  drops  of  ammonia  are  now  and  then  added,  in 
onier  to  conqxMisate  for  that  removed  by  the  decomposi- 
tion of  small  quantities  of  the  salt.  When  the  liquid 
lHHX>mes  syrupy  it  is  sot  aside  to  crystallize  in   a  cool 

placi\ 

This  salt  may  also  l>e  prejiared  by  decomposing,  with 
oarlH>nato  oi  ammoniuuK  the  acid-phosphate  of  calcium, 
n^sultiui:  from  tlio  digestion  in  sulphuric  acid  of  groimd 
and  oaloinixl  bonos. 

P*to<f*\^itt'  or  Si.Mlium. 

This  s;;l:  orystnl-i.'os  ::i  lino.  triin>}Xirent,  and  colorless 
prisms  ;  ;:s  :;\s:o  is  slicVit'.x  bittor  and  saline,  and  it  efflo- 
rt"s<vs.  ':v^s:r.i:  :v»r:  of  ::s  Av;-,:cr  of  onsrallization.  It  is  sol- 
uble ;r.  o..>:.y*iv,  \>.;:ir  Axithout  proviuoing  any  precipitate, 
but  o,;v,v^  ;\  vli  :\>s;:  of  wh::o  phosphate  of  calcium  m 
oaloarw::>  Ax;;:orv  VV.o  iv:r.;v>s:::on  of  this  salt  will  ^ 
Ws:  iir.vU  :s:v\\:  b\  s\ro;v^^;::i:  ::  :o  consist  of  phosphonc 
cw:.:  ivr,:r*;r  ,r,i:  :::nv  r*:o:r*s  oi"  hydrogen,  two  of  which 
!.:;\o    :\vr,    rvV^.^w:    bx    s.xi:^;ni.     Hence   its   name  of 
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At  a  temperature  of  about  400°  Fah.,  phosphate  of 
sodium  diminishes  in  volume,  and  loses  all  of  its  water  of 
crystallization,  but  not  that  combined.  By  still  raising 
the  temperature,  it  melts  to  a  glass  and  loses  the  com- 
bined water,  which  it  will  not  reacquire  except  by  re- 
maining a  very  long  time  in  solution.  Its  nature  and 
properties  have  been  entirely  changed ;  and  it  gives  now 
a  white  precipitate  with  nitrate  of  silver,  instead  of  a  yel- 
low one,  as  was  the  case  previous  to  its  transformation 
into  pyrophosphate  or  bibasic  phosphate.  It  is  capable 
of  combining  with  a  metallic  base,  in  place  of  the  equiv- 
alent of  water  lost.  It  is  this  property  which  renders  the 
pyrophosphate  valuable  for  the  preparation  of  baths  for 
gilding  by  simple  immersion,  and  of  tinning  baths  either 
by  the  battery,  or  by  the  method  of  double  affinity.  In 
these  cases  it  assimilates  respectively  an  equivalent  of 
oxide  of  gold  or  of  oxide  of  tin. 

Phosphate  of  sodium  is  used  for  hot  electro-gilding 
baths,  and  is  prepared  by  treating  calcined  and  powdered 
bones  with  sulphuric  acid,  and  letting  the  mixture  rest  for 
several  days.  The  acid  phosphate  of  calcium  is  then  re- 
moved by  washing  the  residue,  and  the  filtered  liquid  is 
saturated  with  carbonate  of  sodium  until  carbonic  acid  is 
no  longer  disengaged.  The  clear  liquid  is  then  con- 
centrated until  it  marks  33°  Baum6,  and  is  allowed  to 
crystallize  once  or  several  times. 

Pyrophosphate  of  Sodium. 
(Hibasic  pliosphate  of  sodu.) 

The  commercial  salt  is  generally  in  the  form  of  a  white 
powder,  odorless,  and  with  a  hot,  saline,  alkaline,  and 
then  bitter  taste.  It  is  soluble  in  water,  but  not  so 
readily  as  the  preceding  salt,  and  requires  distilled  water, 


/iM;  GALVAXOPL.iSnC  MASTPTLATIOyS. 

in  \prf:\piir\u^  baths  with  it,  Mnre  it  produces  a  precipitate 
in  ortWuury  cHU-nrrons  waters. 

Tht',  |i\ro|ihosphaite  of  sodium  grives  a  white  precipitate 
with  nitnitr  of  silver,  whereas  that  with  the  ordinary  tri- 
Imnirt  phosphatir  is  yellow. 

It  is  eniploy(Ml  for  tin;  preparation  of  simple-immersion 
^ildinj,'  hnths;  and  is  obtained  by  fusing  the  ordinary 
chied  tribasir  phosphate?,  which  by  this  0[>eration  loses  an 
ei|iiivaleut  of  conibincMl  water,  and  becomes  bibdsic.  The 
ten^peratnre  rr(piired  is  quite  high,  and  few  crucibles  will 
Ntand  the  heat  and  the  action  of  this  substance  which  acts 
as  a  iiu\. 

Phnnbiigo. 
( lilnok-loail.     Graphite.) 

This  is  ni\irly  pun*  carbon,  and  is  found  in  crystalline 
or  »uuor[>luuis  nuissi^s  in  st^veral  countries,  as  in  England, 
Hussia,  (uiiuany,  (Vylon,  the  UnitiHl  States,  etc.  This 
carbon  i>  bhuk^  wiili  a  niotallic  lustre,  sofk  to  the  touch, 
witliout  >iinrll  or  taste,  and  is  ditftoult  to  ignite. 

rUui\^>ai;o,  i!i  tlu^  natural  state,  i"*  gt^noniUy  mechani- 
eall\  nr.Vi'vi  wir-i  :i  xariaMo  pD^^^>»>rrioa  t>f  iron  and  earths, 
wivi.li  v..\\  -v*  v/*!inovl  rnorv  or  loss  jxTteetly  by  washing 
t'l,^  ,,..,.^..,..^*x  ''*L'S  •^■i'\-;ri:cd  rTi::ior.il  with  dilute  hvdro- 
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p:.....\  .^.,  ^....  .^  ^  _^  —.':!>  i'l  .:::al:ry.     The  best  plum- 

MC  '  '      '   v,'^r^  '^  '.    7\     ^'ta-'k.    I  ml  wit  hi  nit  much 

>--'.     \  • ■"  "^     ,:.   *"  <ii'*i:l«:  riruly  adhere  ta 

!•'■■  .  ^     '  ^    \    ■      •«    -;.  ;    •■  rurr>s  i:!*:  ^imiiii  :ii)r  :j»ecoaie 
■i   ■  '  •  *     I    "^  .'!i:nc!x«:  .urn  a  liq'iid.    The 

'  ^r i^-  •'■•    •  ',:    >    i'ialir\    ind  purity  is  M 

^  -.  •.'^"     i;)^Li    :r.      The    more 

■   '  ■  •  ■  •    ^  ••  u:■^^i■■■    -\irj.*i  *:ie  3ertt'r  :r  is^ 

-  :;;:  .ii.vre  .Trnduinvirv  rothtf 
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surfaces  of  many  substances  which  are  not  naturally  con- 
hictors,  and  also  for  preventing  the  adherence  of  two 
Isuperposed  metals.     Plumbago  is  also  used  for  bronzing; 
[in   wliich  case,  the  prelinnnary  purification  with  hydro^ 
Lcliloric  acid  will  be  unnecessary.     Plumbago  of  extreme 
rarity  and  fineness,  especially  prepared   for   the  use  of 
Ivanoplastic  operators,  may  be  obtained  in  the  trade, 
AVhen  plumbago  is  moistened  with  a  solution  of  chlo- 
ride of  gold  in  ether,  and  then  allowed  to  dry  in  a  shallow 
5ssel  exposed  to  solar  Itglit,  we  obtain  a  gilded  plnmhago^ 
?hich  is  a  far  better  conductor  of  electricity  than  plnm- 
igo  alone.     We  may  also  prepare  a  silvered  phimhtigo^ 
>y  calcining  at  a  red  heat,  and  in  a  closed  crucible,  plum- 
igo  w4ncb  has  been  moistened  with  an  aqueous  or  ammo- 
liacal  sohitionof  5  to  10  parts  of  nitrate  of  silver  per  100 
irts  of  graphite  employed.     By  incorporating   various 
>ronze  (metallic)  ]>owders  with  plumbago,  a  metallized 
iroduct  of  more  or  less  conductivity  is  ol)tained. 

Roselenr^H  Amalgamating  Salt  (poisonous). 

This  is  a  triple  salt  of  mercury,  or  rather  a  mixture 

>f  three  siilts  of  mercury,  namely,  the  sulpliate,  nitrate, 

tnd  chloritlc.       It  is  liquid,  more  or  less  colored,  very 

lense,  and  gives  in  water  a  yellow  precipitate,  w^iich  dis^ 

>lves  in  an  excess  of  acid.     It  produces  a  violet  stain  on 

le  skin  J  and  amalgamates  copper  and  its  alloys  thoroughly 

id  rapidly.     It  is  used  for  amalgamating  the  zincs  of 

itteries,  and  docs  away  with  the  necessity  of  using  mettd- 

Ic  mercury*     Though  not  more  economical  than  mercury 

lone,  it  is  more  easily  applied  and  prevents  much  trouble 

in  electro-plating  establishments.     It  may  be  substituted 

\fot  the  nitrate  of  mercury  ''  quieking'*  sohition,  but  the 

fcon verse  is  not  true,  as  this  last  when  employed  as  an 

imalgamathig  salt,  rapidly  perforates  the  zinc. 
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Amaliramatinsr  <ilt  is  prepared  by  boilinir  the  nitrate 
of  mercury  with  an  excels  of  a  powder  composed  of  eqial 
part'i  of  ^nlphnte  and  chloride  of  mercury,  i.  ff-  mercnric 
sulphat*  :t:i  J  ni»n:urlc  chloride :  the  liq'iid  remaining  after 

>»  ^jJi'tt-:  '/  O'j'i^r  (poisonous). 

Tn:>  vi'.:  :<  n:  siiiifrv^tuTed  in  larjre  r^uantities  for  dyeing, 
presort :::.:  w  .  • :.  :r.\i^i::oplii<:c  op  -rations,  e:c.  It  occurs 
i^eneral'y  ■;-  :r.t  lorm  of  lirire  rhomV.idal  crystals,  trail?- 
lucvr.:  :\:. :  :" .;  nr.-  K-;-:  c-*:'Ior.  Its  taste  i^  acid,  meraUic. 
a::d  ;-ss:r:7.c-  :.t,  Mkv  :r-k.  Vit  more  >=-rs:<rln2.  On  hems 
ht':it<:\:.  i"  r.r^:  .;■>•> ::<  wi:-:r  'f  •:ry~st^lizit:on  and  beo:>ines 
whitr  ;  .\:..:.  :r.  \  :.->h-r  :t  :::T»rranrr-  the  siilpb uric  acid  is 
txtvll-r;  :v.:'r.-.  :'  rr^  ::'  :•:::'<  w Lite  r.iin^-s.rmdtbc-re  remains 
s  ViSi  k>":.-':r:wT-  :x:.:r  :  f ':-:-pr«-:  r.  It  i^^  freely  s-jlubleia 
w.-.TcT.  •:<■-•  •..'.> -r^r.. 7.  t\v  littvt  :-:::t.::is  sr'Ziv  free  acid. 


CHEMICAL  PRODUCTS  EMPLOYED  IN  THE  ART.    589 

and  the  clear  filtrate  is  treated  with  ammonia,  which 
produces  a  white  precipitate  of  oxide  of  zinc,  soluble  in 
an  excess  of  alkali.  The  iron  remains  also  in  the  acid 
liquor  filtered  from  the  copper,  and  its  presence  is  ascer- 
tained by  the  addition  of  a  small  quantity  of  ferrocyanide 
of  potassium,  which  gives  a  deep  blue  coloration.  Another 
process  for  the  detection  of  iron  consists  in  adding  to  a 
small  quantity  of  the  solution  of  sulphate  of  copper 
enough  ammonia  to  dissolve  all  of  the  oxide  of  copper  at 
first  precipitated,  when  the  brownish  oxide  of  iron  will  be 
seen  floating  in  the  intensely  blue  liquid. 

The  best  sulphate  of  copper  is  made  by  dissolving  in 
sulphuric  acid  the  copper  scales  produced  in  rolling  sheets 
of  this  metal.  That  obtained  by  the  spontaneous  oxidiza- 
tion of  copper  pyrites  is  always  contaminated  with  iron 
or  zinc. 

We  should  avoid,  for  our  art,  those  cheap  copper  sul- 
phates extracted  from  old  acid  dipping  liquors,  since  they 
contain  zinc  and  other  metals,  and  also  nitrate  of  copper 
with  free  nitric  acid.  Galvanoplastic  baths  prepared 
with  them  are  a  nuisance.  Such  sulphates  are  generally 
very  wet  and  in  small  cr)'stals. 

ISulphate  {of  Protoxide)  of  Iron, 
(Ferrous  sulphate.     Proto-sul[)liate  of  iron.     Copperas.     Green 

vitriol.) 

This  salt  crystallizes  in  forms  similar  to  the  preceding 
one,  and  has  a  fine  green  color.  Its  taste  is  tliat  of  ink, 
and  it  is  very  soluble  in  water,  which  it  colors  a  light 
green.  It  is  rapidly  oxidized  by  contact  with  the  air,  and 
becomes  first  yellow,  then  reddisli,  and  is  transformed 
finally  into  a  sulphate  of  peroxide  of  iron,  which  possesses 
quite  diflFerent  properties. 

On  heating  sulphate  of  iron  it  first  loses  its  water  of 
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ciystallization  and  becomes  white.  At  red  heat  it  h  de- 
composed into  sidphiirou!*  and  suljihuric  acids^  which 
escape,  and  a  red  and  pulverulent  residue  which*  according 
to  its  fineness,  its  intensity  of  color,  etc.,  k  variously  called 
oolcothm\  anht/(iroH4  sesfptioride  of  iron^  ronrfe^  etc. 

The  |>roto*sidphate  of  iron  is  employed  for  precipitatiii; 
gold  from  its  acid  solutions.     The  sesqui-sulphate  does 
not  possess  this  property. 

It  is  prepared,  either  by  eva|Kmtting  luid  cryst;  11:^ n^^ 
the  liquors  used  for  cleansing  iron  and  steel,  or  rn  rl^:* 
oxidization,  in  the  air,  of  iron  pyrites.  The  salt  oblaioed 
by  this  latter  process  gi^neraUy  contains  some  copper, 
which  may  be  precipitated  by  placing  iron  scraps  in 
solution. 


( 


Sulphate  of  Zinc 
♦  (While  ritrioL     lVl)it4»  cofificifas.) 

The  trade  fumislies  this  salt  in  three  forms :  either  in 
white  or  opaque  plates^  or  in  large  transparent  crystals 
or  in  a  mass  formed  of  a  quantity  of  needle-like  crjslab, 
resembhng  those  of  sulphate  of  magnesium  or  of  tin  salt 

Its  taste  is  sour,  styptic,  and  metallic^  and  it  is  very 
soluble  in  water,  which  remains  colorless.  It  is  decom* 
posed  by  a  strong  heat,  leaving  a  residuum  of  oxide  of 
zinc.  Its  neutral  solutions  jield  a  white  precipitate  with 
sulphuretted  hydrogen,  but  no  precipitate  is  produced 
from  acid  solutions.  The  sulphide  of  riuc  is  the  only 
white  metallic  stdphide  which  is  known  ;  and  lliis  is  the 
reason  why  zinc  paints  remain  white,  notwithstanding 
the  presence  of  sulphtirous  gases,  which  so  rapidly  blacken 
lead  paints. 

Sulphate  of  rinc  is  employed  for  zinc  and  brass  electro- 
baths,  in  the  pre{mnition  ol  adds  for  dead  lustre  dip|nBgt 
and  for  a  frosted  lustre  uiK)n  docks  and  jewelry. 
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Siifphite  (and  Bisulphite)  of  Sodium, 

The  former  salt  forms  white  prismatic  crystals,  which 
[arc  rapidly  transformed  into  an  amorphous  powder  by 
lefHoreseence. 

It  possesses  no  smell,  but  its  taste  is  flat,  saline,  and 
[sulphurous.     It  is  very  soluble  in  water,  and  is  gradually 
[transformed  into  suljihate  by  the  absorption  of  oxygen 
from  the  air.     Powerful  acids  decompose  it,  with  abun- 
dant evolution  of.  sulphurous  arid,  which  is  easily  recog- 
nized by  its  smell  of  burning  sulphur.     During  this  re- 
daction^ the  solution  remains  clear,  and  is  thus  distinguished 
from  the  hyposidpbite,  which  also  disengages  sulphurous 
acid,  but  deiM>sits  sulphur  in  the  solution. 

Sulphite  of  sodium,  and  generally  all  the  soluble  sid- 
phites,  dissolve  the  salts  of  gold,  silver,  copper,  etc.,  under 
certain  circumstances,  and  transform  them  into  colorless 
double  salts,  which  possess  more  or  less  stal)ility,  and  are 
employed  in  the  preparation  of  electro-baths,  fur  gilding, 
coppering,  and  brassing. 

The  sidphite  of  sodium  may  absorb  an  excesa  of  sul- 
phurous acid,  and  thus  become  a  bisulphite,  which  is 
always  to  be  preferred  to  the  neutral  salt. 

The  neutral  sulphite  of  sodium  is  prepared  by  passing 
a  stream  of  sulphurous  acid  gas  through  a  solution  of 
carbonate  of  sodium  until  the  liquid  is  neutral  to  test- 
paper.  If  the  solution  be  very  conrentrated,  a  quantity 
of  small  crystals  of  bicarbonate  of  sodiiun  become  precipi- 

Itated  in  the  course  of  the  operation,  and  it  should  be 
stirred  to  prevent  them  from  obstructing  the  gas  delivery 
tube.  An  excess  of  sulphurous  acid  decomposes  them 
with  an  abundant  production  of  carbonic  acid.  The  satu- 
rated hquid,  if  concentnited,  crystallizes  on  cooling;  if  it 
is  not,  it  should  be  evaporated  to  the  proper  point. 


592 


GALTANOPLASTIC   MANIPULATIONS. 


The  bisulphite  of  sodium  is  produced  by  contiiiumg  tW 
passage  of  the  sulphurous  gas,  when  the  solution  finst  red- 
dens, and  then  bleaches  blue  litnius  jmper.  This  «ah 
loses  in  the  air  its  excei*8  of  sulphurous  gas,  tlien  WTomfs 
neutral  sulphite,  and,  after  a  lonp^  %vhik%  is  coiiverlc*^!  tr 
sulphate,  by  the  absorption  of  utniosphcric  oxygen, 

SuJjfhide  of  Ammmthnn  (poisonous). 
(Sii1pKy<]mtt*,  or  tivclni^utptuttcs  of  iiroinotiia.) 

This  salt  is  liquid,  and  of  a  deeper  color,  att*ordin|[  ail 
it  contains  more  sulphur.  Its  smell  is  exceedingly  pan-l 
gent  (ammoniaral)  and  offensive,  and  its  ta^te  is  alkidi2ie| 
and  nauseous.  The  sides  of  the  bottles  in  which  it  is  bptj 
are  often  rnverecl  witli  a  jiellicle  of  suljihur  or  sulphidr 
By  rapid  evaporation  a  residue  of  sulphur  is  left. 

It  rapidly  forms  sulphides  with  the  metuU,  and  pto-j 
duces  on  silver  the  black  roatiug,  misnanietl  o\idati0iL( 
It  is  often  employed  for  bronzing,  for  producing  tlic*o-| 
called  '^|>atina"  on  the  surface  of  various  metals  or  aliens  f 
It  is  prepared  by  saturating  ammonia  with  8ulphtireUr4| 
liydru^eu  gas. 

We  generally  employ  it  with  an  excess  of  sulpbur.    i  ^ 
is  to  say*  after  it  has  been  digested  for  n  fcnv  houn*  witlij 
an  excess  of  flowers  of  sulphur,  at  a  temperature  of  alniit 
160^  Fah,     The  licpiid  is  then  of  a  dark  reddish^ydlo*' 

It  may  be  prepared  by  the  decomposition  of  the  ml* 
phide  of  barium,  calcium,  or    stiontium,  by  m»-'"  ^  "^' 
carbonate  of  ammonia.     The  more  usual  mode,  li 
is  by  passing  sulphuretted  hydrogen  gsis  through  ^tronfj 
atpia  ammonia  luitil  the  latter  is  saturated. 

The  operator  should  avoid  opening  a  vessel  coi; 
sid|>liide  of  ammonium  iu   rooms  where  silvr-r^iili:    - 
iKung  done. 
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Sulphides  of  Calcium^  Potassium^  and  Sodium 
(poisonous). 

(Hepar  Sulphuris.     Liver  of  Bulphur,  or  poly  sulphides  of  calcium, 
potassium,  and  sodium.) 

These  salts  are  obtained  in  solution  by  boiling  the  alkali 
and  the  flowers  of  sulphur  in  a  certain  quantity  of  water. 
They  are  produced  in  the  dry  way  by  projecting  powdered 
quicklime,  or  potassa,  or  soda  into  melted  sulphur,  and 
then  casting  the  mixture  on  a  marble  slab. 

These  dry  sulphides  are  generally  in  the  shape  of  plates, 
which  are  greenish  or  whitish  at  the  surface,  and  reddish- 
yellow  inside.  They  are  soluble  in  water,  which  is  col- 
ored yellow  or  red,  according  to  the  degree  of  concentra- 
tion. By  spontaneous  decomposition  they  emit  the  smell 
of  rotten  eggs ;  and,  when  treated  by  an  acid,  they  give 
off  sulphuretted  hydrogen,  yielding  at  the  same  time  a 
deposit  of  sulphur.  Their  uses  in  our  art  are  the  same 
as  those  of  sulphide  of  ammonium. 

Bisulphide  of  Carbon, 
(Carbon  disulphide.      Liquor  of  Lampadius.) 

If  we  bring  to  a  red  heat  a  stoneware  or  porcelain  tube 
(Fig.  170),  filled  with  charcoal,  and  then  introduce  into 
it  (immediately  closing  the  aperture)  fragments  of  sulphur, 
the  liquid  which  results  from  the  combination  of  the  sul- 
phur and  carbon  is  condensed  at  the  bottom  of  tlie  water 
in  the  connected  receiver,  and  furnishes,  after  distillation, 
pure  bisulphide  of  carbon. 

It  is  a  colorless  and  transparent  liquid,  which  is  very 
dense,  and  exhibits  the  property  of  double  refraction.  Its 
smell  is  characteristic  and  most  disgusting,  and  may  be 
compared  to  that  of  rotten  turnips.  It  is  very  volatile, 
producing  upon  the  hand  the  sensation  of  cold.     It  bums 
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nace,  and  carries  a  tubulure,  through  which  passes  a  stone- 
ware tube  reaching  to  the  bottom  of  the  charcoal,  and  the 
upper  end  of  which  may  be  closed  by  a  stopper.  The 
neck  of  the  retort  projects  from  the  furnace,  and  commu- 
nicates by  a  tube,  with  a  receiver  filled  with  water.  The 
connecting  tube  is  kept  cool  by  passing  a  stream  of  cold 
water  through  a  tube  which  surrounds  it  as  a  water  jacket. 
When  the  retort  is  brought  to  a  red  heat,  a  few  fragments 
of  sulphur  are  introduced  through  the  tube,  which  is 
quickly  closed.  The  vapor  of  sulphur  is  obliged  to  pass 
through  the  mass  of  incandescent  charcoal,  combines  with 
it,  and  condenses  in  the  water  of  the  receiver." 

The  product  thus  obtained  contains  an  excess  of  sulphur 
which  is  removed  by  distillation  on  the  water-bath.  Pure 
bisulphide  of  carbon  should  volatilize  without  leaving  any 
residue.  It  is  now  obtained  in  the  market  at  a  very  low 
price. 


CHAPTER  LXX. 

INSTRUMENTS  AND  APPARATUS. 

Stirring  Rods. 

These  are  rods  made  of  various  materials,  and  are  em- 
ployed for  mixing  together  liquids,  or  paste,  or  liquids  and 
pastes,  or  solids  with  liquids,  or  various  solids  in  the  dry 
state.  Their  length  and  thickness  should  be  suited  to  the 
volumes  to  be  mixed. 

Suitable  stirring  rods  are  those  which  have  no  chemi- 
cal action  upon  the  substances  with  which  they  are  brought 
in  contact ;  neither  should  they  become  impregnated  with 
them.   Rods  of  glass,  stoneware,  or  porcelain  are  decidedly 
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the  best.  Wood  and  most  metals  should  be  avoided,  be- 
cause the  former  is  absorbent,  and  the  latter  are  corroded 
and  easily  oxidized. 

The  operator  in  the  various  branches  of  our  art  should 
always  have  near  at  hand  a  complete  assortment  of  glass 
stirrers  of  various  sizes,  and  with  fused  or  rounded  ends, 
in  order  not  to  scratch  the  vessels  in  which  he  operates. 

Aiiodes. 

By  this  name  are  designated  the  plates  or  wires  of 
different  metals  placed  at  the  extremity  of  the  connect- 
ing wire  leading  from  the  positive  pole  of  a  battery. 

The  anodes  are  soluble  or  insoluble,  that  is,  they  become 
dissolved  under  the  influence  of  the  galvanic  current  to 
partly  maintain  the  metallic  strength  of  the  bath,  or  they 
simply  convey  the  current  into  the  bath  without  being 
dissolved. 

The  soluble  anodes  are,  generally,  of  the  same  metal  or 
alloy  of  which  the  bath  is  composed :  and  the  insoluble 
anoiles  are  of  platinimi,  gas  carbon,  or  any  other  conduct- 
ing and  insoluble  substance. 

Soluble  anodes  are  generally  completely  immersed  in 
the  solution,  and  connected  with  the  conducting  wire  by 
other  platinum  wires.  Insoluble  anodes,  on  the  contrary, 
are  rarely  completely  immersed,  and  by  dipping  them 
more  or  les<i  into  the  bath  we  incrciise  or  diminish  at  will 
the  amount  of  current. 

Ihfdrom^ters, 

Thesi^  an^  instruments  usually  made  of  glass,  for  ascer- 
taining the  sfXHniie  gravities  of  liquids.  There  are  hy- 
drometers for  acids,  s;ilts,  alkalies,  syrups,  alcohol,  ether, 
liquors,  etc. 

A  great  many  ojx^rators  think  that  hydrometers  will 


INSTRUMENTS   AND    APPARATUS.  597 

not  only  indicate  the  specific  gravity,  but  also  the  com- 
position and  the  quality  of  their  baths ;  they  imagine,  for 
instance,  that  if  they  have  once  had  good  results  with  a 
'bath  marking  9°,  any^other  bath  also  marking  9°  must 
be  equally  good.  This  is  a  great  mistake,  which  should 
be  corrected. 

A  hydrometer,  in  general,  is  an  instrument  intended  to 
indicate  the  specific  gravity  of  a  liquid,  as  compared  with 
that  of  distilled  water  at  its  maximum  density,  that 
is,  at  39.2°  Fah.  As  there  are  liquids  lighter  and  heavier 
than  water,  it  is  necessary  to  have  two  kinds  of  hydro- 
meters, or  rather,  two  different  graduations  of  this  instru- 
ment. 

Baum6,  an  apothecary  of  Paris,  was  the  first  to  con- 
struct a  hydrometer  of  constant  weight.  It  is  a  glass 
tube,  the  lower  third  of  which  is  composed  of  a  large 
bulb  or  cylinder,  terminated  by  a  smaller  bulb,  in  which 
is  placed  a  certain  weight  of  lead  or  mercur)'  acting  as 
ballast  for  sinking  the  instrument  more  or  less  in  the 
liquid.  The  cylindrical  and  narrow  tube,  above  the  large 
bulb,  receives  a  small  cylinder  of  paper  upon  which  are 
marked  the  divisions,  or  degrees,  of  the  scale.  The  liquid, 
the  density  of  which  is  determined,  is  contained  in  a  tall 
cylinder  of  glass,  deep  enough  to  permit  the  hydrometer 
to  be  immersed  to  its  lowest  point  without  touching 
bottom. 

This  instrument  is  graduated  by  two  different  methods, 
according  as  it  is  intended  for  determining  the  sjiecific 
gravity  of  liquids  heavier  or  lighter  than  water  at  39.2° 
Fah. 

If  it  be  intended  for  liquids  heavier  than  water  (for 
acids  and  saline  solutions,  for  instance),  mercur)^  or  lead 
is  introduced  into  the  lower  bulb  until  the  instrument  has 
sunk  nearly  to  the  top  in  pure  water,  and  the  0  of  the 
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Fig.  172. 


hJ: 


-9* 


paper  scale  is  made  level  wth  that  of  the  liquid, 
hydrometer  in  then  dipped  into  a  solution  of  fifteen  parti 
of  common  salt  (chloride  of  sodium)  in  85  parts  of  disliUed 
water,  and  the  line  where  the  level  of  the  liquid  touclies 
the  tube  h  marked  lo*^.  The  sjj>ace  between  0  and  15*' 
is  divided  into  15  equal  parts  and  this  graduation  is  con- 
tinued upon  the  remainder  of  the  scale.  66°  is  the  sije- 
cific  gravity  of  concentrated  suJphuric  acid  with  Baiuu^'s 
hydrometer. 

For  liquids  lighter.than  water,  the  graduation  of  the 
preceding  livdrometer  is  reversed  (Fig,  172), 
The  0  ia  at  the  lower  part  of  the  stem,  and  is 
determined  by  plunging  the  instrument  into 
a  solution  of  10  parts  of  common  salt  in  SW 
parts  of  water.  10*^  i»  marked  at  the  level 
line  in  distilled  water,  and  the  space  bet^veen 
0  and  10°  is  dinded  into  10  equal  parts,  and 
the  same  graduation  continued  for  the  remain* 
der  of  the  scale, 
"**  A  similar  method  may  be  employed  forron* 

structing  special  hydrometers  for  special  saline 
solutions,  one  of  common  siilt,  for  instance.  The  Q  of  tlu' 
instrument  is  at  tlie  level  line  in  distilled  water ;  5^  in  a 
solution  of  5  parts  of  srdt  in  95  of  water  ;  10^  in  a  soluti'^T' 
of  1 0  parts  of  salt  in  90  of  w  ater ;  and  so  on. 

But  such  an  instrument  cannot  be  employcnl  for  deter- 
mining the  cmnposiiion  of  different  solutions ;  and  qurer 
mistakes  would  be  made  if  we  desired  to  ascertain  ^h^ 
composition  of  a  solution  of  nitrate  of  silver  with  a  lnilr» 
meter  graduated  especially  for  one  of  sidphite  of  sodiu  l'*^' 
instance.  It  is  also  evident  that  the  same  hydrometer  will 
not  do  (or  determining  the  composition  of  a  solution  cow 
taining  two  diiferent  salts.  Thus,  a  photographer  may 
anive  at  the  composition  of  a  pure  solution  of  nitrate  ot 
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silver  with  a  hydrometer  especially  constructed  for  the 
purpose  ;  but  the  same  instrument  will  give  no  indication 
whatever  as  to  the  proportion  of  silver  contained  in  an 
electro-silvering  bath,  which  contains  many  other  salts 
besides  that  of  silver. 

Therefore,  hydrometers  are  useful  for  verifying  the 
strength  of  the  commercial  acids  used,  and  to  indicate 
whether  the  specific  gravities  of  the  baths  are  too  much 
above  or  below  the  limits  between  which  it  has  been 
ascertained  that  the  galvanic  current  will  pass  freely. 

Glass  Balloons  and  Flaslcs. 

These  are  spheres  of  thin  blown  glass  (Fig.  173)  with 
necks  of  various  dimensions,  in  length  and  diameter. 
They  are  employed  for  heating  acids,  dissolving  metals, 
and  a  great  many  other  uses.  They  should  be 
placed  upon  triangular  supports  of  iron,  and  at  *^* 
a  certain  distance  from  the  fire,  from  the  di- 
rect action  of  which  they  should  be  protected 
by  the  intervention  of  a  piece  of  wire  gauze, 
or  its  equivalent.  The  thinner  they  are,  the 
more  easily  they  bear  sudden  changes  of  tempe- 
rature. They  are  preferable  to  porcelain  evapo- 
rating dishes,  for  dissolving  gold,  because  there  is  much 
less  danger  of  losing  a  part  of  the  product  by  spurting. 

Kettles  and  Boiling  Pans. 

These  are  of  various  shapes,  hemispherical,  or  with 
flat  bottom,  and  are  made  of  different  materials  (Figs. 
174,  175). 

Those  of  copper  are  employed  for  whitening  with  sil- 
ver and  cream  of  tartar.  Cast  and  sheet-iron  are  prefer- 
able for  cleansing  with  caustic  alkalies,  or  for  evaporating 
xesidnes. 
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Those  of  stoneware  heated  on  sand  or  water  baths,  for 
desilvering  (stripping),  or  for  giving  a  dead  lustre  to  cop- 
per in  warm  acids. 


Fig.  174. 


Fig.  175. 


Cast-iron  enamelled  kettles  are  used  for  hot  baths  of 
copper,  silver,  gold,  and  platinum. 

Notwithstanding  their  enamel,  these  vessels  become 
gradually  impregnated  with  the  solutions  they  have  held, 
and  it  is  dangerous  to  employ  them  for  different  kinds  of 
baths.  Thus  an  enamelled  kettle,  which  has  been  used 
for  silvering,  will  not  be  suitable,  even  after  the  most 
thorough  washing,  for  a  gold  bath,  as  the  gilding  will 
certainly  be  white  or  green,  according  to  the  quantity  of 
silver  retained  bv  the  vessel. 


Brushes. 

A  definition  of  these  instruments  is  unnecessary ;  and 
we  shall  simply  indicate  the  various  kinds  suitable  to  the 
different  operations  of  our  art. 

The  fire-gilder  employs,  for  equalizing  the  coating  of 
amalgam,  a  long  handled  brush,  the  bristles  of  which  are 
long  and  very  stiff. 

The  electro-gilder  uses  a  brush  (Fig.  176),  with  long 
and  flexible  bristles. 

For  scouring  with  sand  and  pumice-stone  alloys  con- 
taining nickel,  such  as  maillechort  and   German-silver, 
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t  which  are  difficult  to  cleanse  in  acids,  the  preceding  brush 
I  with  smaller  and  stiffer  bristles  is  used  (Fig.  178). 
g       The  gilder  of  watch-works  has  an  oval  brush  (Fig.  177) 
?  with  stiff  and  short  bristles  for  graining  the  silver. 


Fig.  176.  Fig.  177 


The  galvanoplastic  operator,  for  coating  moulds  with 
plumbago,  besides  a  number  of  pencils,  uses  also  three 
kinds  of  brushes — the  watchmaker's  (Fig.  178),  a  hat- 
brush,  and  a  blacking-brush. 

The  bronzer  uses  all  kinds  of  brushes. 

Brushes  are  perfectly  deprived  of  adherent  grease  by 
washing  with  benzole  or  bisulphide  of  carbon. 

Burnishing  Tools. 
They  have  already  been  described  in  this  work. 

Evaporating  Dishes  or  Capsules. 

These  are  usually  vessels  of  porcelain,  and  are  intended 
to  bear  a  high  temperature.  The  best  are  thin  and  uni- 
formly so.     Like  glass  flasks,  they  should  be  supported 

Fig.  179.  Fig.  180. 


above  the  fire  upon  an  iron  stand  and  wire-gauze.  As 
fiu:  as  practicable  they  should  be  gradually  heated  and 
cooled.  When  taken  from  the  fire,  they  should  be 
placed  upon  rings   made  of  plaited   straw.      They   are 
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made  with  or  without  lips,  and  some  have  a  socket  feri 
wooden  handle.   Glass  evaporating  dishes  are  not  dmabk 

Retorts. 

These  are  of  fflass  or  stoneware.  Thev  have  a  moie 
or  less  spherical  body  with  a  tapering  neck.  They  aie 
sometimes  supplied  with  a  tubulure,  for  greater  conveifr 
ence  in  introducing  materials,  and,  when  in  use,  they  aie 
placed  in  comnumication  with  a  receiving  vessel  of  any 


Fig.  131. 


Fig.  182. 


Fig.  ISS. 


tux::- 


:...    Th-.ir  :;><•>  hfivo  Ktn  briefly  explained. 

>0  n  :•?::><:::  rt  torts  v\-i:h  and  without  a 

F.^v.n  1S>  >::ows  a  rttor:  cx^nnected  with 


Thi<.  ;.:v  ::.i  :v.:r.-/.l:;  "w.rt-s.  Kuias.  >t>:tvJs.  or  ribbons, 

rV,;  v\  v..v.;::,::i:  \\:ri^  .-.r:  titb^r  employed  with  their 
::,%!" r.. I  :v.;  r^,/..:  surf.^vV.  r-r  ,\r>r  vV>vrec  widi  <ome  insulat- 
or.^, vt  "i^^  :>  vvr-.r,::c.r.i:,  >v.>Nrir:^f,  sixi  as  cotton,  silk. 
1  ".::■>:*;>'>::.  in;:r;>:x^r:h^  f.r,-.:  v^r^vvas  Tarnishes  It  is 
ix^.ur.:  :>,:.:  vV>;rtvl  jIizv^it.v^os  sh*:»u.d  be  bare  and  clean 
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their  extremities,  where  they  are  connected  with  the 
:tery  and  with  the  anodes,  or  cathodes  (objects  to  be 
uted).  Pure  copper  possesses  the  best  conducting 
i^ei;  and  after  it  come  brass,  silver,  gold,  platinum, 
n,  zinc,  etc. 

Ct  is  not  meant  that  conducting  wires  should  always 
of  copper ;  but  if  two  wires,  one  of  copper  and  another 
iron,  are  connected  at  the  same  place  on  a  battery,  it 
very  likely  that  all  of  the  electricity  will  preferably 
Js  through  the  copper  wire. 

Cnsulated  electrodes  may  come  in  contact  with  each 
ler  without  inconvenience.  Such  is  not  the  case  with 
:e  electrodes,  because  the  electricity  will  pass  through 
?  shortest  circuit,  and  will  not  go  through  the  bath  if 
3  two  electrodes  are  in  metallic  contact.  Such  contact 
ould  therefore  be  carefully  avoided. 

Glass  Jars. 

These  are  glass  vessels,  generally  cylindrical,  closed  at 
e  end,  and  of  different  capacities. 

They  are  employed  for  small  gilding,  silvering,  and 
Ivanoplastic  baths,  in  the  cold.  They  are  very  handy 
d  serviceable  for  amateurs,  because  their  transparency 
rmits  the  progress  of  the  operation  to  be  observed  at 
times. 

Crucibles. 

These  are  vessels,  the  shape  of  which  is  generally  an 
.^erted  truncated  cone  (Fig.  184),  the  smaller 
d  being  closed,  and  the  larger  open.  Some- 
aes  the  opening  is  triangular. 
Crucibles  are  made  of  many  kinds  of  mate- 
Is  :  metals,  refractory  clay,  stoneware,  porce- 
n,  plumbago  or  graphite,  etc.  They  are 
nerally  provided  with  a  cover  of  the  same 
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material,  and  are  raised  above  the  grate  bars  of  the  fifr 
nace  by  means  of  bricks  or  cylinders  of  clay. 

Metallic  crucibles  may  be  heated  rapidly,  but  the  othai 
require  to  have  their  temperature  raised  gradually  and 
carefully. 

They  are  employed  for  the  preparation  of  many  salts, 
for  the  fusion  of  metals,  etc.  Xon-metallic  crucibles  arc 
rarely  used  for  more  than  one  operation. 

Depositing  Vats.     Troughs. 

These  are  made  of  different  materials,  and  their  shape 
may  be  either  circular,  square,  or  rectangular.  They 
should  be  perfectly  tight,  impervious  to  the  solutions,  and 
unacted  ujwn  by  them. 

Stoneware,  glass,  or  porcelain  troughs  are  the  best; 
but  they  are  the  most  fragile  and  expensive.  Those  of 
wrought  or  cast-iron  are  suitable  only  for  neutral  or  alka- 
line solutions,  and  they  must  be  insulated  from  the  anodes 
or  the  articles  in  the  bath,  so  that  the  galvanic  current 
may  no:  j^ass  throiurh  them. 

AVooiien  Mit'^  should  have  their  interiors  covered  with 
heavy  ixwts  of  varnish  or  pitch,  which  resists  the  action 
of  the  Iviths,  or  with  a  sheathing  of  gutta-percha  or  India- 
nibWr.  They  ar\?  sometimes  Uued  with  sheet  lead, 
welde\:  by  the  ca<  ;>T\xx*si<.  since  any  kind  of  tin  solder 
wouUi  >  :::avi:ii:ss:Me.  Such  vats  are  satisfactory  for  gal- 
Nunoi^las::-;  o:vra::ons.  i>ro\-idevl  that  the  lead  hningr  be 
iusiilauv.  from  the  elecrric  circuit. 

Thoso  aiv  cylinders,  plates,  or  partitions  which  from 
t:ieir  "jX^:>>s::y  or  wrmoability.  allow  liquids  of  different 
naturvs  to  S^  sjc^xarutevi  and  at  the  same  time  in  communi- 
airion.    Thus,  if  we  divide  a  v;sit  by  a  partition  plate,  made 
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»f  baked  pipe-clay,  and  fill  one  of  the  chambers  with  diluted 
ulphuric  acid,  and  the  other  with  a  solution  of  potassa 
both  liquids  being  at  the  same  level),  the  two  liquids 
rill  penetrate  the  porous  plate  or  diaphragm  and  there 
eact  upon  each  other  without  their  masses  participating 
CL  the  action. 

We  have  seen,  in  Daniell's  battery,  that  the  porous  cell 
eparates  the  exciting  liquid  (solution  of  salt  or  sulphuric 
icid)  from  the  solution  of  sulphate  of  copper.  In  Grove's 
md  Bunsen's  batteries  they  separate  the  acids ;  and  also  the 
tcidulated  liquor  in  the  simple  galvanoplastic  apparatus. 

Any  porous  substance,  unacted  upon  by  the  solutions, 
vill  be  suitable  for  diaphragms.  Wood,  sail-cloth,  leather, 
fold  beater's  skin,  bladder,  baked  porcelain  and  pipe-clay, 
jtc.,  are  employed.  Nevertheless,  diaphragms,  or  porous 
5ells,  made  of  unglazed  porcelain,  and  rendered  neither 
oo  much  nor  too  little  porous  by  a  proper  baking,  are 
^referable  to  all  others  for  durability  and  good  working. 

Filters. 

Filtering  a  solution,  a  bath,  or  any  other  liquor,  con- 
nsts  in  causing  it  to  pass  through  a  permeable  substance, 
;he  pores  or  meshes  of  which  are  sufficiently  closed  to 
retain  all  the  undissolved  substances,  which  are  thus 
separated  from  the  liquid  part. 

Filters  are  of  very  different  materials  and  shapes. 

Cloth,  muslin,  etc.,  arc  coarse  filters,  or 
strainers,  made  in  the  form  of  pockets.  Fig.  185. 
Their  filtering  power  is  considerably  im- 
proved by  covering  them  with  a  layer  of 
sand,  wool,  bone-black,  etc.  These  latter 
substances  themselves,  properly  supported, 
will  act  as  filters. 

Felted  wool  (generally  rabbit's  hair)  is 
made  in  the   shape   of  a  conical  pocket 
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(Fig.    185),  but  is   suited  only  for  neutral    substances. 
Alkalies  destroy  it  rapidly. 

Concentrated  acids  are  filtered  through  amiantlim,  m 
asl)estos^  c^ompressed  in  the  neck  of  a  glass  funnel  upon 
broken  fmgments  of  glass. 

But  tlie  most  useful  filtering  material  is  unsized  paper. 

This  filter  (Fig.  18(>),  is  prepared  by  folding  diagonally 

a  square  ]>iece  of  porous  paper,  which  thus 

Fl};.  180.       pn^pared  forms  a  triangle.      This   is  again 

Vfoldeil  in  half  Then,  beginning  at  one  edge, 
smaller  folds  are  made  alternately  to  the  right 
and  to  the  left,  but  all  converging  towards 
the  |xnnt,  like  a  fan.  The  filter  is  now  par- 
tially ojHMu^U  trimnuxl  on  top  and  introduced  into  the 
funnel,  with  rare  that  all  the  pn>jecting  edges  rest  against  it. 
If  it  Iv  foauxl  that  the  filter  will  not  resist  the  weight 
of  the  liipud,  the  ^v^int  is  twisted  to  the  left  or  to  the  right, 
and  x^hilo  it  is  still  hold  Ivtween  two  fingers  of  the  left 

:::>  t  rtt\i,  so  that  the  inward  folds 
A  r.lttr  with  such  a  rounded 
the  lunnel  anvi  filters  more 

:Vt  r^-iv  .1  ti^rration  :  but.  if  we 

vrtx-.y-irAtts.  the  filter  repre- 

;>*    :s  r/.rrt*  svj table.      A  cir- 

-iv:  :>  t^i.-^-   douVed  up.  and 

'  r^  :\  t>.rt>:    th:okrit:-sses  of 

;v.f   s;.:-:,  jt*;-.>ir:^  one  sinirk 
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Siphons. 

:  The  most  simple  and  handy  siphon  in  many  cases,  is  a 
5=  piece  of  lead  pipe  bent  so  as  to  have  two  unequal  branches, 
*  the  smaller  of  which  plunges  into  the  liquid  to  be  drawn 
\  off.  A  section  of  India-rubber  tube  may  be  employed  for 
similar  purposes. 

But,  as  these  materials  may  be  chemically  acted  upon 
by  various  solutions,  glass  siphons  are  used  with  or  with- 
out a  suction  tube  (Figs.  188,  189). 


Fig.  188. 


Fig.  189. 


For  siphoning  corrosive  solutions  which  cannot  be 
touched  with  the  fingers,  a  siphon  with  a, suction  tube  is 
used  (Fig.  188).  The  shorter  leg  is  plunged  into  the 
liquid,  and  the  longer  one  closed  with  the  finger  or  an 
India-rubber  pad  pressed  against  it.  Then,  with  the 
mouth,  suction  should  be  carefully  applied  at  the  lateral 
suction  tube  until  the  liquid  fills  the  longer  leg. 

If  there  be  danger  in  inhaling  a  poisonous  vapor,  the 
action  of  the  mouth  may  be  replaced  by  an  India-rubber 
ball,  fastened  to  the  suction  tube.     The  longer  branch  of 
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the  siphon  is  closed  as  before,  and  the  ball  compressedmlSc 
order  to  remove  the  air.     By  its  elasticity  the  ball  resuma  ^k 
its  former  volume,  thus  producing  a  suction  which  statte 
the  siphon  in  action. 

Tlie  Thermometer 

Is  an  instrument  intended  for  ascertaining  the  tempera- 
ture of  fluids  or  liquids  in  which  it  is  immersed.  It  acts 
by  the  dilatation  or  contraction  of  mercury  or  colored 
alcohol,  contained  in  a  bulb  of  thin  glass,  which  is  attached 
to  a  capillary  tube  deprived  of  air,  and  upon  which  the 
graduation  is  marked. 

The  scale  employed  in  this  work  is  that  of  Fahrenheit, 

which  is  commonly  used  in  English  speaking  countries. 

In  this,  the  0  of  the  scale  represents  the  temperature  of  a 

mixture  of  salt  and  ice ;  32°  is  the  point  of  melting  ice, 

and  212°  that  of  boiling  water. 


CHAPTER  LXXI. 

MIXTURES. 

f 

RED  ORMOLU YELLOW  ORMOLU DEAD  LUSTRE  FOR  .JEWELRY 

DEAD  LUSTRE  (IIARD)  FOR  CLOCKS DEAD  LUSTRE  (SOFl) 

FOR  SMOOTH  SURFACES  AND  FIGURES GREEN-FOR-RED  LUS- 
TRE— gilders'  wax. 

Mixtures. 

After  having  enumerated  the  principal  chemical  pro- 
ducts, apparatus,  and  instruments  employed  in  our  art,  it 
remains  for  us  only  to  give  the  formulae  of  certain  mix- 
tures employed  in  gilding  by  fire,  or  by  the  wet  processes. 


MIXTURES. 
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lome  of  these  have  heen  given  in  the  chapters  on  gilding, 
>ut  their  repetition  may  be  serviceable. 


RED  ORMOLU 

composed  of — 

*• 

Exact  proportions. 

In  round  n ambers. 

Potassa  alum    . 

.     28.4  parts. 

30  parts. 

Saltpetre 

.     31.6     '* 

80     " 

Sulphate  of  zinc 

.       8        " 

8     " 

Common  salt    . 

.       3.5     " 

3     " 

Red  ochre 

.     27.5     " 

28     " 

Sulphate   of  iron 

1  part. 

1  part. 

100 


100 


We  may  add  to  it  a  small  proportion  of  annotto,  mad- 
?r,  cochineal,  or  other  coloring  matter,  ground  in  water, 
r  in  weak  vinegar. 


YELLOW  ORMOLU. 

Exact  proportions. 

In  ronnd  nnmbers 

Red  ochre 

.     16.5  parts. 

17  parts. 

Potassa  alum    . 

.     50.9     ** 

50     *' 

Sulphate  of  zinc 

.     10.5     '* 

10     " 

Common  salt    . 

.       2.1     " 

3     " 

Saltpetre 

.     20 

20     " 

100 


100 


DEAD  LUSTRE  FOR  JEWELRY. 


Sulphate  of  iron, 
Sulphate  of  zinc, 
Potassa  alum, 
Saltpetre, 


equal  parts  of  each. 


The  salts  are  fused  together  in  their  water  of  crystalli- 
ttion ;  and  if  the  gilding  be  strong  and  durable,  a  small 
roportion  of  common  salt  may  be  added. 

39 
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DEAD  LU8TBE 

[habd)  fob  clocks. 

Exact  proportloBs. 

Im  rottsd  Bvaben. 

Water 

5       parts. 

5  parts. 

Saltpetre 

.     36.62     *• 

37     '* 

Potassa  alum    . 

.     42.05     " 

42     " 

Common  salt    . 

.     12.33     •* 

12     ** 

Pulverized  glass  and 

^«»->       A 

4     «' 

pbate  of  calcium  . 

.1 

h:h)  100 

The  whole  is  thoroughly  ground  and  mixed. 

DEAD  Lr>TBE  (<0FT)  FOB  SMOOTH  SUBFACES  AND  FIGUBES. 

Exact  rreportiou.  Ib  roaad  BmBbcrk 

TVater      ....  5       parts.  5  parts. 

Nitrate  of  potassa     .         .  46.32     ••  46    " 

Potassa  alum    .  .  40.<<2     **  46     '* 

Common  salt     .         .         .       2.?^     ••  3    •* 

IW  100 

Tivat  the  same  as  the  preceding  mixture. 

O-KEEN-rvK-EEI^  LI? TEE. 


Ixxr.  ;r  p;ri:: 

X*. 

Ir  roasi  oombfr*. 

l^'**r:T:&:f  :••'  yo «*><•-::: 

.     t^- .7  it^ns. 

6.r>  i-^rt*. 

i.\r.-r.-.vr.  sil;     . 

.     2.^    '  - 

2."^     " 

A:t:a:-.  ::   »-.:;«er     . 

.      i-.;^    •• 

10    '* 

Vj*) 


T:.:    ^^h:^.    :>  iTT.V.V.vl  Tv^^tht 


. rrx<   Wax. 


V 

\ 

•."  • 

»A\ 

A 

.>:;*:; 

•  c  Axrcxr 

K 

.i  ,v 

rr; 

.  2o  parts. 
.  2o    - 
.  13    '• 
.  37    " 


UK\ 


T>:  '^y\:\,:  .s  :v,'i'":i\l.  «r..l  srimxl  until  cold. 
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CHAPTER  LXXII. 

USEFUL  NOTES  AND  COMMENTS. 
ANTIDOTES  AND  HYGIENE  OF  THE  WORKSHOP. 

We  have  seen  that  the  majority  of  the  chemical  pro- 
ducts employed  in  our  art  are  very  poisonous,  or  at  least 
unwholesome.  It  is  therefore  well,  after  having  pointed 
out  the  dangerous  properties  of  these  substances,  to  fur- 
nish, in  case  the  necessity  therefor  should  occur,  the 
means  of  neutralizing  their  effects,  either  entirely,  or  at 
least  sufficiently  to  retard  their  poisonous  action  imtil 
professional  aid  can  be  summoned. 

Poisoning  hy  Adds. 

All  the  powerful  acids,  with  the  exception  of  hydro- 
cyanic (prussic)  acid,  operate  nearly  in  the  same  manner. 
They  are  corrosive  poisons,  and  the  more  concentrated 
they  are,  the  more  energetic  is  their  action. 

It  should  not  be  forgotten  that,  when  very  diluted, 
these  substances  lose  their  poisonous  properties ;  water, 
therefore,  in  the  greatest  abundance  will  be  the  first  thing 
to  administer.  Tepid  water  and  distilled  water  will  act 
as  emetics,  and  should  be  preferred  if  they  are  at  hand. 
Milk  and  the  white  of  eggs,  which  coagulate  with  the 
acids  and  partly  neutraUze  them,  may  be  successfully  em- 
ployed; but  no  antidote  excels  calcined  .  magnesia,  or 
the  carbonate  of  this  base,  which  may  be  introduced  into 
the  stomach  without  danger,  and  will  completely  neutral- 
iase  the  acids,  forming  with  them  purgative  salts.     In  the 


612 


GALVAKOPLASnC  MAXlPrLATIONS, 


abseDce  or  magnem,  chalk  or  SpanislKwhite,  made  into 
a  paste  with  water,  or  even  soap-water  may  be  used.    It 
should  be  well  tmdei^tood  that  in  this,  as  in  all  other  cases  { 
a  physician  should  be  immediately  summoned. 

Ihitomng  %  Hjfdroeyanic  (Prume)  Acid,  Cj^noffen^Qf\ 

Ctfanides, 

If  hydrocyanic  acid,  or  the  cyanides,  be  ooncentratdl ' 
or  haye  been  absorbed  in  considerable  quantity,  their  J 
action  is  almost  instantly  (atal,  and  there  is  little  hope  of  j 
saving  the  victim,  altboogh  everything  should  be  tried. 

But,  if  these  substances  have  been  taken  in  very  di-  j 
lute  condition,  they  may  not  prove  immediately  &taL  and 
there  is  some  hope  that  remedial  measures  may  be  sue- 1 
eessfolly  applied 

In  poisoning  with  these  snbstancaea,  water  as  add  oi  \ 
pogmble  shoidd  be  run  upon  the  head  and  the  spine  of  the 
patient,  and  he  should  be  made  to  inhale,  oartfully  and 
moderaiely^  the  vapor  of  chlorine  water,  bleaching  powder, 
or  Javelle  water  (hypochlorite  of  soda). 

Should  these  poisons  be  introduced  into  the  stomach, 
Ipe  should  administer  as  soon  as  possible  the  hydrate  of 
seaquioxide  of  iron^  or^  what  is  better,  diluted  solutions  of 
the  acetate,  citrate,  or  tartrate  of  iron*  With  proper 
precautioDs,  a  very  diluted  solution  of  sulphate  of  zinc 
laay  be  given. 

Ikiisammg  by  AlkaKe&. 

Use  weak  acidsw  such  as  vinegar,  lemon  juice,  etc.,  nsii, 
in  their  ab^rice,  sulphuric^  hydrochloric^  or  nitric  acid 
diluted  to  the  strength  of  lemonade.  After  the  pain  in 
die  stomach  has  diminished^  it  will  be  well  to  administ^ 
a  Ifew  sjioonful>  of  olive  oiL 
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Poisoning  by  most  Metallic  Salts. 

Administer  an  abundance  of  water,  and  if  possible  cause 
the  patient  to  vomit.  Milk  and  the  white  of  eggs  are 
very  good,  but  far  inferior  to  flowers  of  sulphur  or  natural 
sulphuretted  waters.  The  sulphur,  alkaline  sulphides, 
and  sulphuretted  hydrogen  contained  in  these  waters 
transform  most  of  the  metallic  salts  into  insoluble  sul- 
phides, which  are  temporarily  inert.  They  should  be 
f  administered  as  long  as  there  is  a  suspicion  that  any  of 
the  poison  is  still  rtetained  in  the  system. 

Poisoning  hy  Mercury  Salts. 

Mercury  salts,  and  particularly  the  chloride  (corrosive 
sublimate),  form,  with  the  white  of  eggs  (albumen),  a 
compound  very  insoluble  and  inert.  The  remedy  is 
therefore  indicated.  Sulphur  and  sulphuretted  water 
are  also  serviceable  for  the  purpose. 

Poisoning  hy  Lead  Salts. 

Besides  sulphur  and  sulphuretted  waters,  we  may  also 
employ  a  lemonade  of  sulphuric  acid,  or  an  alkaline  solu- 
tion containing  carbonic  acid,  such  as  Vichy  water.  Bi- 
carbonate of  sodium  (baking-soda)  is  very  serviceable. 

Poisoning  hy  Hydrosulphuric  Acid  (Sulphuretted 
Hydrogen). 

The  patient  should  be  made  to  inhale  the  vapor  of 
chlorine,  from  chlorine  water,  Javelle  water  or  bleaching 
powder.  Energetic  friction,  especially  at  the  extremities 
of  the  limbs,  should  be  employed.  Large  quantities  of 
warm  and  emollient  drinks  should  be  given,  and  abund- 
ance of  fresb  air. 
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Poisoning  by  Chlorine,  Sulphurous  Acid^  Nitrous  and 
HyponitHc  Gases. 

Admit  immediately  an  abimdance  of  fresh  air,  and  ad- 
minister LIGHT  inspirations  of  ammonia.  Give  plenty 
of  hot  drinks,  and  excite  friction,  in  order  to  consene 
the  warmth  and  transpiration  of  the  skin.  Employ  hot 
foot-baths,  to  remove  the  blood  from  the  lungs.  After- 
wards maintain  in  the  mouth  of  the  patient  some  substance 
which,  melting  slowly,  will  keep  the  throat  moist,  sudi 
as  jujube  and  marshmallow  paste,  molasses  candy,  and 
liquorice  paste.     Milk  is  excellent. 

We  have  simply  stated,  in  the  foregoing,  the  expedi- 
ents and  remedies  to  be  employed  in  urgent  cases.  A 
physician  should  invariably  b^  summoned  immediately. 
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Patina  for  Bronzes. — An  imitation  of  patina  suitable  for  ap- 
plying to  all  articles  of  bronze,  may  be  made  (^Bay.  Indust.  u. 
Q-etverheblattj  ix.  128)  by  making  a  mixture  of  carbonate  of  copper 
with  a  light-colored  spirit  varnish,  and  applying  the  same  to  the 
metallic  surface  with  a  brush.  The  hollows  of  the  article,  by 
this  operation,  receive  a  greenish  coloration  which  is  very  decided 
and  quite  permanent  on  drying.  The  carbonate  of  copper  imparts 
a  bluish  patina,  verdigris  a  bright  green,  and  the  intermediate 
tints  are  obtained  by  the  mixture  of  these  colors. 

Bronzing  Copper. — Spon  (  Workshop  Receipts^  21)  directs  to 
dissolve  in  vinegar  2  parts  verdigris  and  1  part  sal-ammoniac. 
Boil,  skim,  and  dilute  with  water  until  no  more  white  precipitate 
separates.  Meanwhile  place  the  articles  to  be  bronzed,  properly 
freed  from  grease,  in  a  pan,  and  pour  the  boiling  solution  over 
them,  letting  it  boil  briskly.  The  resulting  coloration  is  a  brig^ht 
reddish-brown,  but  the  articles  should  be  frequently  inspected  and 
removed  as  quickly  as  the  desired  shade  is  obtained.  They 
should  then  be  repeatedly  washed  and  dried.  The  solution  must 
not  be  too  strong,  as  in  that  case  the  bronze  will  come  oflF  by  fric- 
tion, or  turn  green  on  exposure  to  the  air. 

Green  Bronze  for  Brass. — We  give  the  following  formula  on  the 
authority  of  Spon  (^Workshop  Receipts j  19).  Dissolve  2  oz.  of 
nitrate  of  iron,  and  2  oz.  of  hyposulphite  of  sodium  in  1  pint  of 
water.  Immerse  the  articles  therein  until  they  have  acquired  the 
proper  tint,  as  almost  any  shade  from  brown  to  red  can  be  obtained ; 
then  wash  well  with  water,  dry  and  brush. 

One  part  of  perchloride  of  iron,  and  two  parts  of  water,  will 
give  a  pale  or  d^p  olive-green  to  articles  of  brass  immersed 
in  them,  according  to  the  time  of  immersion.  If  nitric  acid  is 
saturated  with  copper,  and  the  brass  is  dipped  in  the  liquid,  and 
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then  heated^  it  assumes  a  dark  green.     If  well  brushed,  it  miy 
lacijuered  mth  pale  gold  lacquer,  or  else  poltfihed  writh  oil. 

A  Blar'k  Coloration  on  Brass  Instruments  nftay  he  obtained, ac- 
cording to  the  same  authority*  by  the  following  procedure :  T»le  j 
about  a  thimbleful  of  lampblack,  place  it  on  a  flat  stonet  add  fourol 
five  spots  of  gohl  size,  and  welLmix  the  whole  with  a  palette  krAh, 
It  should  be  about  as  thick  as  putty.  Add  as  little  gold  mxeat 
possible,  as  if  too  much  is  added  the  effect  will  be  a  bright  ii 
stead  of  a  dead  black.  Now  add  turpentine^  about  donhle  tbi 
volume  to  the  whole,  mix  with  a  eamel-hair  brush,  and  apply  t<i 
the  brass-work. 

Another  formula  for  a  Black  an  Brass,  from  the  same,  is  as  faU 
lows : — 

Dip  the  article  bright  in  aqua  fortis ;  rinse  the  acid  off  in  clesn 
water f  and  place  it  in  the  following  mixture  until  it  turns  Mack: 
Hydrochloric  acid,  12  parts ;  sulphate  of  iron,  1  part ;  whit« 
arsenic,  1  part.  Then  remove,  rinse  in  clean  water,  dry  in  saw- 
dust,  polish  with  black-lead,  and  lacquer  with  green  lacquer* 

To  Bronze  Elvctrotyptn, — (^Siwn,  20)  Greett* — Sleep  the  medsl 
in  a  strong  solution  of  common  salt«  or  sugar,  or  saUammonisf, 
for  a  few  days ;  wash  in  water,  and  allow  to  dry  slowly,  or  sus- 
pend over  a  vessel  containing  a  small  quantity  of  bleaching  potr* 
der,  and  cover  over.  The  length  of  time  it  is  allowed  to  remain 
will  determine  the  depth  of  the  color. 

Brawn, — Add  four  or  five  drops  of  nitric  acid  to  a  wine  glass- 
ful of  water,  apply  to  the  article  and  allow  to  dry.  Then  heat 
the  article  gradually  and  uniformly.  The  surface  of  the  article 
will  be  darkened  in  proportion  to  the  heat  applied. 

Black. — Wash  the  metallic  surface  with  a  little  dilute  sulphide 
of  ammonium,  and  dry  at  a  great  heat.  Then  polish  with  a  bard 
brush. 

Collodion  Varnish  to  Prevent  the  Tarnishing  of  Silver 
Silver-plated  Wares. — Many  efforts  have  been  made  to  de 
method  of  preventing  the  tarnishing  of  silver  and  gilver-plated 
wares  upon  exposure  to  the  atmosphere.  The  blackening  which 
such  articles  speedly  suffer  is  principally  du^,  as  has  been  ei- 
plained,  to  the  formation  of  a  superficial  film  of  silver  sulpbidt 
by  the  action  of  the  sulphurous  vapors  in  the  atmosphere,  espe- 
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jially  in  cities  where  the  large  consumption  of  coal  and  of  coal-gas 
pliargea  the  atmosphere  with  sulphur  corapounds. 

Of  all  the  suggestions  that  have  heen  made  to  accomplish  this 
[>bject  none  appear  to  have  given  such  satisfactory  results  as  a  var- 
iish  of  collodion  (soluble  f^un-cotton,  photographer's  cotton),  a  solu- 
^on  of  gun-cotton  in  a  mixture  of  ether  and  alcohol.  All  other 
iramtshes  appear  to  impart  a  yellowish  tint  to  the  silver  or  silvered 
rares ;  but  collodion  varnish  is  quite  colorless.  The  articles 
Should  be  carefully  brushed  over  with  the  varnish,  with  an 
clastic  bmsh,  making  sure  that  the  entire  surface  is  covered, 
["he  film  of  collodion  will  protect  the  underlying  metal  for  a  long 
iine. 

LuHrouB  Gold  or  Green  on  Bra»ti. — Puscher  recommends 
ae  following  procedures  for  producing  a  golden  coloration  upon 
^rass  (^Kunat  m.  Gewerbe,  1883,  59).  Dissolve  4  parts  each 
^f  caustic  soda  and  milk  sugar  in  100  part^  of  water.  Heat  the 
solution  10  boiling  for  a  quarter  of  an  hour  ;  remove  the  vessel  con- 
]kining  the  dark  yellow  solution  from  the  tire,  and  add  with  stir- 
iug  4  parts  of  a  cold  saturated  solution  of  sulphate  of  copper* 
►N'hen  the  fluid  has  cooled  off  to  about  165'^  Fah.^  and  after  the 
separated  suboxide  of  copper  has  settled,  the  clean,  polislied  articles 
[>f  brass  are  introduced  into  it,  in  a  vessel  of  wood  With  perforated 
>tiom.     In  about  two  minutes  the  golden  coloration  will  probably 

dark  enough,  and  the  articles  are  removed,  washed  ami  dried  in 
sawdust.  If  the  articles  are  permitted  to  remain  for  a  longer  time 
in  the  liquid,  the  yellowish  color  at  first  developed  will  change  to 
^B  lustrous  bluisb-grecD,  and  finally  to  iridescent  colors.     In  order 

obtain  uniform  colorations,  the  temperature  must  be  maintained 
between  140°  and  1*55*^  Fah. 

The  copper  hath  may  be  used  repeatedly,  and  for  this  purpose 
iould  be  kept  in  a  well-stoppered  flask.  When  it  has  become 
spent,  it  may  be  revivified  by  the  addition  of  one  part  of  caustic 

la,  of  the  quantity  of  water  evaporated,  heating  to  boiling,  and 
le  addition  of  2 J  parts  of  sulphate  of  copper.  If,  instead  of  milk- 
agar,  glycerine  or  a  bitartrate  is  used,  the  colors  obtained  are  oot 
"so  uniform. 

Colorations  on  Surfaces, — Puscher  (^Neneate  Erfind,^  etc.)  pro^ 
posea  the  following  procedure  for  obtaining  a  permanent  dark  or 
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light  green  coating,  resembling  enunel  on  articlea  of  line  espe^ 
cially  those  of  sheet  zinc.  Fifty  partA  of  bjpo<3alphite  of  sodioa 
are  dtssoWed  in  500  parta  of  boiling  water,  and  the  dolution  fouM 
at  once,  in  a  fine  stream « into  25  parts  of  strong  salphuric  acid,  [We 
abottld  prefer  to  reverse  the  operation,  namely,  to  poor  the  idd 
into  the  salt  solution. — W.]  The  milk  of  snlpbur  that  sepamUa 
will  goon  ball  together  in  lumps,  and  settle.  The  hi>t  li4uiJ  cofi- 
tatning  sulphate  of  sodium  and  sulphurous  acid  ia  decantal,  ttA 
the  cleansed  srinc  placed  iu  it.  In  a  short  time  it  will  aci|uire  a 
very  brilliant  light  green  coating,  which  only  needs  to  be  wa4bcd 
and  dried. 

By  exposing  it,  and  for  a  longer  time,  to  this  hoi  bath,  the  eclat- 
ing grows  thicker,  and  the  color  darker  and  more  brilliant.  Hie 
temperature  should  not  be  allowed  to  fall  below  145^  Fah.^  to  in* 
tare  a  fine,  brilliant  deposit. 

By  dipping  the  articles  thus  treated  iu  diluted  hydrochloric 
acid  (1  acid  to  3  water)  sulphuretted  hydrogen  is  evolved,  and 
this  enameUike  coating  loses  its  lustre  and  becomes  lighter  in  coto. 
Aqueou!*  solutions  of  aniline  colors  have  little  effect  upon  this  Jull 
surface,  and  none  whatever  on  the  brilliant  coating. 

The  effect  of  **  marbling"  can  be  obtained  by  moistening  the 
gray  zinc  and  applying  hydrochloric  acid  in  spots  with  a  sponge, 
tlien  rinsing  off,  and,  while  still  wet,  flowing  over  it  an  acidified 
solution  of  sulphate  of  copper,  which  produces  the  appearance  of 
black  marble.     As  this  has  a  dull  surface  it  should  be  varnished. 

By  adding  15  parts  of  chrome  alum  and  15  more  of  the  hypo- 
sulphite to  the  above  solution,  the  article  treated  will  take  on  » 
brownish  color*  The  above  treatment  may  be  applied^  according 
to  Puscher,  to  articles  of  sheet  and  cast  zinc  [and  also  to  gal- 
vanized wares, — W.]. 

Chhred  Coatings  for  Metah. — ^The  following  method  of  proce- 
dure for  obtaining  decorative  effects  on  metal  surfaces,  although  it 
has  never  yielded  entirely  satisfactory  results  in  our  hands,  is  w 
highly  spoken  of  by  some  other  writers  (notably  by  Uiviuhart) 
that  we  are  induced  to  attribute  our  want  of  success  to  our  having 
failed  in  giving  it  proper  care.     It  is  as  follows :  — 

In  a  t|uart  of  pure  water  dissolve  one  ounce  of  hyposulphite  uf 
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iodium.  Stir  into  this  another  solution,  made  by  dissolving  an 
ounce  of  acetate  of  lead  in  a  pint  of  water. 

For  use,  heat  the  solution  in  a  glass  or  earthenware  pan  to  about 
195°  Fah.,  and  immerse  the  metal  required  to  be  colored.  The  coat- 
ing is  one  of  lead  sulphide,  and  its  depth  of  color  will  depend  upon 
tbe  time  the  metal  is  immersed.  In  a  few  minutes  brass  articles 
of  small  size  may  be  coated  with  any  color,  varying  from  golden 
yellow  to  the  tint  of  clean  copper  or  red  gold,  to  carmine,  down  to 
dark  red,  from  light  aniline  blue  to  bluish- white,  then  to  reddish- 
white  or  brown. 

Urquhart  remarks  of  this  process,  that  it  is  not  a  good  plan  to 
plunge  the  articles  into  the  solution  without  previous  preparation  ; 
it  is  by  far  best  to  chemically  clean  them  as  for  plating,  and, 
before  dipping  in  the  coloring  liquid,  to  keep  them  for  a  few  min- 
utes in  hot  water,  unless  the  coating  is  to  be  very  slight  indeed. 
Steel  and  iron  articles  may  also  be  treated,  and  given  a  fine  blue 
color,  without  the  aid  of  such  great  heat  as  is  necessary  in  "  blu- 
ing" or  oxidizing.  Copper  articles  do  not,  of  course,  show  the 
lighter  tints.  If  the  cleaning  is  well  done,  the  adhesion  will  be 
perfect,  so  perfect  indeed,  that  the  burnisher  may  be  used  with 
impunity  ;  but  it  is  not  prudent  to  use  the  scratch-brush.  Instead 
of  burnishing,  however,  the  surface  may  be  finished  by  a  soft  and 
smooth  buflF,  which  will  impart  a  lasting  polish. 

The  solution  will  not  keep  long  in  the  heated  state,  as  it  deposits 
its  sulphide  upon  the  bottom  of  the  vessel  if  no  metals  are  present. 

It  is  stated  that  an  exceedingly  beautiful  red  and  green  coloring 
can  be  given  to  brass  articles  by  omitting  the  lead,  and  using  in 
its  stead  an  equal  weight  of  sulphuric  acid  (see  Colorations  on 
Zinc  Surfaces^  page  618).  If  the  immersion  continues,  the  red 
changes  to  a  fine,  brilliant  green,  and  then  to  green  and  brown, 
with  a  splendid  iris  glitter.  The  coating  is  very  durable,  unlike 
the  others,  which  are  but  lacquered  over  with  pale  lacquer  (Urqu- 
bart). 

The  same  authority  affirms  that  clean  brass  and  copper  may  be 
covered  with  a  firmly  adherent  pure  black  coating  by  placing  them 
very  near  to  the  flames  of  burning  straw.  It  will  not  rub  off,  and 
may  be  polished  with  a  soft  cloth. 
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RspiKrNa  AND  Extraction  of  Metals  bt  Elbctroltsis  (m  tit 
Gominercial  Scale). 

Although  this  subject  does  not  Tall  properlj  within  the  prorboe 
of  thia  work,  it  may  bo  of  uae  to  some  of  our  readers  to  notice  thit 
great  progreaa  baa  been  made  during  the  past  few  years  in  tii« 
application  of  the  electrolytic  process  to  the  extraction  of  metaU 
frora  their  ores — and  the  refining  of  impure  metals  (copper,  arg^ 
tiferoua  lead)  on  the  commercial  scale*  In  these  operations,  ii 
need  scarcely  be  explained,  ateam-dri?en  dynamo-macbines  art 
used.  Such  electro-metallurgical  processes  are  carried  on,  on  i 
scale  of  greater  or  less  magnitude,  in  Germany,  England  (Wales), 
and  the  United  States. 

For  special  information  on  this  subject,  the  reader  is  refentd 
to  the  files  of  the  technical  Journals,  particularly  to  Din^Ur'» 
pt*lt/terh.  Jmirval^  and  the  Engineering  and  3Iintng  'TournrtJ^  io 
which  the  progress  of  this  branch  of  the  metallurgical  induatrr  is 
very  fully  recorded* 

Ihpomting  Copper  on  Steel  Wire. — An  interesting  operation 
showing  the  perfection  to  which  the  electrolytic  deposition  of  cop- 
per has  been  brought,  is  the  manufacture  of  what  is  known  u 
*'  Compound  Wire,"   which  is  carried  out  on   a  large  scale  i^^ 
Ansonia,  Connecticut,  by  the  Postal  Telegraph  Company.       I^| 

This  compound  wire  consists  of  a  steel  wire  core,  weighing  2W 
pounds  to  the  mile,  and  having  a  tensile  strength  of  1*350  pounds, 
on  which  copper  is  depogited  continuously  by  the  galvanic  proccsi, 
and  of  any  desired  thickness.  On  the  present  scale  of  these  worb, 
the  electric  currents  for  depositing  the  copper  are  generated  by 
twenty.five  large  steam-driven  dynamo-machines,  with  the  aid  of 
which  10,000  pounds  of  copper  are  deposited  per  day,  representiag 
20  miles  of  ^  compound  wire"  carrying  500  pounds  of  copper  U» 
the  mile.  At  the  time  of  this  writing,  the  company  has  announced 
its  intention  to  shortly  double  the  capacity  of  its  works.  The 
*'  compound  wire''  is  used  for  telegraphic  purposes,  for  which  oo 
account  of  its  high  conductivity  and  strength  it  is  claimed  to  po** 
eess  many  advantages  over  the  galvanized  iron  wire  at  preaeat 
generally  used  for  that  purpose* 


LISTS  OF  AMERICAN  AND  BRITISH  PATENTS  BEARING  ON  THE 
SUBJECT  OF  THE  ELECTRO-DEPOSmON  OF  METALS. 


AMERICAN  PATENTS. 

1850.    December  10.     No.  7,821.     G.  Mathiot.     Electrotyping. 

1855.  September  4.    No.  13,516.    J.  A.  Adams.    Electrotyping  machine. 

1856.  December  2.     No.  16,141.     W.  Filmer  and  E.  Bookhout.    Mode 

of  backing  electrotype  plates. 

1857.  July  7.     No.  17,741.     A.  H.  Jocelyn.     Method  of  backing  electro- 

type plates. 

1858.  May  25.     No.  20,858.     S.  P.  Knight.     Production  of  electrotype 

plates. 
"       September  14.    No.  21,509.    H.  Lovejoy  and  R.  Wheeler.    Machine 
for  coating  electrotype  moulds. 

1859.  May  8.     No.  23,836.     W.  H.  Elliot.     Mode  of  forming  curved  elec- 

trotype  plates. 
**       November  1.     No.   25,958.     T.  Crossley.      Electrot}'pe  printing 
block. 

1860.  November  20.     No.  80,663.     A.  Berthoud.     Electro-plating  with 

alloys  of  gold. 

1861.  November  12.     No.  38,721.     J.  von  Liebig.     Electro-plating  with 

copper,  etc.,  the  surfaces  of  mirrors,  etc. 

1862.  February  18.     No.  84,470.    J.  E.  Walcott.    Process  of  electro-plat- 

ing iron  and  other  metals  with  copper. 
**       March  11.     No.  34,640.     M.  Miller,  Jr.     Mode  of  electro-plating 

steel  wires  for  piano-strings,  etc. 
**        October  21.     No.  36,750.    C.  Beslay.   Process  of  electro-plating  iron, 

steel,  etc. 
1865.    December  26.   No.  51,714.    J.  D.  Griineberg.   Manufacture  of  plated 

metal. 

1867.  February  19.     No.  62,251.     S.  A.  Chapman.     Plated-ware  burnish- 

ing  machine. 

"       April  2.     No.  63,512.     S.  Hallock.     Surface  concluctor  for  electro- 
typing. 

"       May  28.    No.  65,084.     E.  Hunter.     Compound  for  silver  plating. 

1868.  March  10.     No.  75,258.     M.L.Forbes.     Frame  for  plating  spoons, 

etc.,  heavier  at  certain  parts  than  at  others. 
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1868.  Jane  2.     No.  78,497.     W.  H.  Watroas.     Electro-pladng  fnme. 

**       Jane  30.     No.  79,427.     H.  W.  Wright.     Electro-plating  and  pitted 

ware. 
**       July  28.     No.  80,402.     W.  Gates.     Electro-platinir  apparatus. 
**       October  6.     No.  82,877.     W.  H.  Remington.     Process  of  electro- 

plating  with  nickel. 
**        November  17.     No.  84,243.     J.  P.  Woodworth.     Electro-plating. 
**        Dwember  29.     No.  85,411.     S.  D.  Tucker.     Machine  for  coatiiig 

surface  of  electrotype  moulds  with  plumbago. 

1869.  April  27.     No.  89,522.     H.Tucker.     Plating  metals. 

**       May  2.     No.  87,442.     G.  J.  Sturdy  and  S.  W.  Young.     Cleaning 

metallic  articles  for  plating  and  gilding. 
'*    '  May  25.     No.  90,332.    I.  Adams,  Jr. '  Mode  of  electro-pUting  wid 

nickel. 
**       June].     No.  90,893.     H.Tucker.     Electro-gilding  iron.    . 
*'       June  1.     No.  90,894.     H.Tucker.    Electro-plating  and  gilding  cast 

iron. 
**       Augusts.     No.  93,157.    I.  Adams,  Jr.    Electro-deposition  of  nickd. 
**       December  21.    No.  98,110.    S.  Rust,  Jr.    Electro-plating  with  bnw 

and  other  alloys. 

1870.  January  25.     No.  99,192.     P.  S.  Hoe.     Electrotyping  battery. 

**        February  22.     No.   100,038.     J.S.Howard.     Electro-plating witi 

antimony. 
**       March  22.     No.  100,961.     I.    Adams,  Jr.      Electro-deposition  of 

metals. 
**        March  22.    No.  101,075.    H.W.Wright.    Electro-plating  apparatus. 
**        April  19.     No.  102,077.     J.  A.  Adams.     Electrotyping. 
**        May  10.    No.  10'/,  748.    I.  Adams,  Jr.    Electro-deposition  of  nickel. 
**        May  17.     No.  103,201.     W.  J.  Kuhns.     Nickel-plating. 
**        November  1.     No.  108,940.     J.  Rogers.     Finishing  the  surface  of 

plated  goods. 
**        NoviniluT  29.    No.  109,633.    A.  Law.    Electro-plating  iron  and  steel 

with  silver. 

1871.  February  7.     No.   111,688.     D.  Scrymgeour.     Electrotype  die  or 

mould  for  moulding  plastic  materials. 

**  February  21.  No.  111,945.  M.  J.  A.  Keane.  Plating  and  polish- 
in«r  compound. 

**  March  28.  No.  113,090.  J.  J.  Pratt.  Electro- plating  letters  and 
nuujbers  on  metallic  plates  for  signs,  etc. 

*'  May  30.  No.  115,490.  W.  A.  Leggo.  Process  of  obtaining  moulds 
for  electrotyping  purposes. 

**        April  4.     No.  113,612.    I.  Adams,  Jr.    Electro-plating  with  nickel 

*'  April  25.  No.  114,191.  D.  D.  Parmelee.  Electro-plating  the  in- 
terior of  pipes  and  tubes  with  silver,  nickel,  etc. 

"       May  2.     No.  114,447.     S.  P.  Knight.     Electrotype  mould. 
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1871.  June  13.     No.  115,926.     J.E.Bingham.     Electro-plating  with  tin. 
**        July  4.     No.  116,579.     M.  G.  Farmer.     Nickel-plating. 

"  July  4.     No.  116,658.     I.  Adams,  Jr.     Nickel-plating. 

**  Octobers.     No.  119,622.     W.  A.  Leggo.     Electrotyping. 

**  November  28.     No.  121,388.     N.S.Keith.     Nickel-plating. 

1872.  April  16.    No.  125,868.    J.  A.  Whitman  and  T.  M.  Neal.     Nickel- 

plated  articles. 
^^        July  16.     No.  129,124.     A.  L.  Freeman.     Apparatus  for  electro- 
plating iron  with  copper,  etc. 
**        July  30.     No.  129,881.      G.  W.  Beardslee.     Electro-plating  with 

nickel  and  other  metals. 
**        August  6.     No.  130,140.    A.  Judson.    Forming  curved  electrotj'pes. 
'*        August  13.    No.  130,362.    E.  E.  De  Lobstein.     Plating  and  coating 

metals. 
**        September  10.     No.  181,169.     S.  P.  Knight.     Coating  electrotype 

moulds. 
1878.     March  11.     No.  136,684.     I.  Adams,  Jr.     Nickel-pkting. 

**        July  22.     No.  140,995.    A.  and  H.  T.  Dawson.     Method  of  etching 

plates  for  elei'trotyping. 
1874.     March  10.    No.  148,459.    W.  C.  Homan.    Electro-plating  apparatus 

for  weighing  metal  deposited. 
"        April  21.     No.  149,974.     G.  W.  Beardslee.     Electro-plating  with 

cobalt. 
**        June  9.     No.  151,832.     H.  T.  Brownell.     Nickel-plating. 
**        June  9.     No.  151,892.     H.  and  H.  W.  Lovejoy,  J.  H.  Ferguson, 

and  M.  J.  Creagan.     Electro-plating  apparatus. 
*»        August  4.     No.  153,726.     W.  A.  Shaw.     Electro-plating  tin  pipes 

or  tubes  with  copper,  brass,  etc. 
**        August  25.     No.  154,485.     I.  Adams,  Jr.     Nickel-plating. 
"        October  6.     No.  155,700.     E.  Boy.     Electro-plating  bath. 
**        October  13.     No.  155,«84.     P.  A.  Normandeau.     Nickel-plating. 
**        December  22.     No.  157,965.     S.  P.  Knight.     Electrotype  mould. 

1875.  January  19.     No.  158,972.     R.  E.  Osborn.     Electro-plating  rack. 
"        April  27.     No.  162,627.     H.  G.  Coyle.     Electro- plating  solution. 
**        April  27.    No.  162,630.    H.  P.  Dechert.    Electro-plating  with  nickel. 
*«        August  3.     No.  166,867.    A.  Hermann  and  W.  H.  Taylor.    Anodes 

for  electro-plating  with  nickel. 
**        August  3.     No.  166,433.     E.  Weston.     Manufacture  of  anodes  for 

nickel-plating. 
*'        August    10.     No.    166,606.      E.    Hansen.      Electro-plating  gUss, 

china,  etc. 
«*        December  21.     No.,  171,464.     W.  E.  Worthen  and  R.  S.  Gillespie. 

Electro-plating  statuettes,  etc. 

1876.  February  1.     No.  172,862.     I.  Adams,  Jr.     Cobalt  electro-plating. 
**        March  14.      No.  174,691.     C.  Maggio  and  G.  Maffiola.     Nickel- 

plating. 
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ld77.     MiirchSl*     No.  175^34.     C.  S.  Mlncttew.     £Ic<«?trcK|»Jiiltiig*  * 
1877*     Noveraber  6,     No.  I»$«g4«.     K.  Weston  and  E.  E.  QmmbT.   Cetk 
poumi  switch  in  dyimiDO-cIectnc  niAchine   eJuployi3d    lo  electro, 
plating. 
**        KovomberSO*    No.  1^7,409.   J.W*Kogt?n.    Elcctro-pktin^ fiwne. 
1878.     Dt*cf*mbt?r  K.     No,  211,071.     E,  W«»toii,     Niekei-pljititig. 
1880.     Januttrje,    No,  223,265.   J.  Wlimtoii.    £i«!ctrc»- pitting  with  nickd. 
''       Januwy  27.     No«  22S,gltO.     J.  H.  Fotlt.     JSlectro-dcipoBtdcfl  d 
nickel, 
t  Vbruary  3.     No*224,2<l3.   J.  Tales.     Electro-depofihiofi  of  ttirk«l» 
Ft'bruary  10.     No.  224^47^*    J.  W.  RogCTi.    Electro-plating  fnine* 
June  U     No.  228,224.     K.B.Sheldon.     Electrotype  moold. 
**       Jano  1.     No.  228*389.     J.  Powell-     Solution  for  electro-deposiriflo 

of  nickel. 
»•        June  29.     No,  223,274,     J.  PowelL     Electro^platin^  with  nirkel 
Au|SU9t  10,     No.  280,857.     M.  Brings.     Appar&tua  for  ciMliiigBiiiin 

aHii*l€«,  tacks,  etr,,  with  tin.  lead,  or  zinc. 
August  10.    No.  230,872,    H.  L.  Haas.    Solation  for  nick el-pUtinf, 
Scptrtnbcr  28.      No.  232,C15.      C.  G.  PemUetoo.      Saludoci  i<ir 
niekcl-platinf. 
''        September  28w     No,  232,75^.   J.  U.  PoCts^    Sdntioii  for  the  dixfirtK 

dt^poattton  of  nickeL 
««        November  23.     No.  234,773^ 

pUliiig* 
**        Norembcr  SO,     No.  235^034. 
and  itten«4Tpe  pUl^es. 
2i8l,     Iday  17.     No,  24U.2L 
«'        lUjr  31.     No.  242»2e3, 
''       JufM  7.     No.  242««24. 
«i«ic«  or  tin. 
Jttlv  12»     No.  244, 14t. 
•*       July  12.     No-  244,2^4. 

OKi  by  deeirolyiaa. 
''       Anpiit  %    Nol  n^  lU 
aliciiokypp  vMudt. 
Aifvt  2,    Now  f45^1M.     n.  J,  Mmttr.     £lc«tnv|ib^  dmit 
iKrcobcr  t^     Nik  f4a«3SC    M.  Q.  CMttpbelL    EkcO^platiiig  «ith 
««  alloy  of  plrtiam  and  silrer. 
lilt,    aaMvySl.    No.2^14».    M.  H, Ouapbell    Ekctro^plittii^ wttb 
piiliiwi  attd  silrcr. 
'«       M«r^2«.     No.  2^421.     P.  A.  Uodl.     Oaifii^  iMteb. 

Mny  K     No.  257«OC&.     ▲.  O^NeiL     Ekctnvplated  yeUow  m«tiil. 
^^        mtf  n.     No.  t»$,214,     A.  BnaduMi.     Appaiviaa  for  efectro- 


C4ial»f 


R.  B.  Hefskell.     Holder  for  dectrth 


C.  N.  Smith.     Uniting  eleetrol;|M 


B.  Roberts.     CoatiBg  metals  with  nnc 
G.  Hrw^er.     NiekeUplattng  Anid, 
W.  FriakiButk.     Coatii^  metaJs  with  IciJ. 


H. 


Hw^ 


Coaiiiif  metela  with  »oe. 
BcdBction  of  meuk  from  thdr 


C,  H.  Ha] 


Jlachiae  for  melallixi 


1 


An^Mt  1.   No^  fC2ti24,   a. 
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1882.  October  3.     Xo.  265,340.     S.  M.  Pufler.     Attachment  to  dynamo- 

electro- plating  machines. 
•*         November  28.     No.  268,127.     H.  Roberts.     Apparatus  for  coating 
metals  with  metal. 

1883.  March  6.     No.   273,324.     J.  M.  Thomas.      Composition  for  brass 

electro-plating. 
*'         March  G.     No.  273. 4G7.     A.  Classen.     EK'ctro-plating  with  copper. 

iron,  zinc,  nickel,  etc. 
'*         June  0.     No.  278,784.     L.  F.  Dunn.     Klcctro-plating  with  nickel. 
'*         July  3.     No.  28<>,4G6.     J.  A.  Graham.     Coating  iron  with  lead. 
*•         July  10.     No.  280,864.     C.  F.  Kebstock.     Composition  lor  coating 

metallic  substances. 
*'         August  14.     No.  10,367.     II.  Reusch  (re-issue).     Plating  iron  and 

steel  with  other  metals. 


BRITISH  PATENTS. 

1836.  June  24.     N.  7134.     (i.  R.  Klkington.     (Jihling  coj»per,  brass,  and 

other  metals. 

1837.  February  17.     No.  7.'^04.     H.  Klkington.     Coating  metals. 

"         December  4.     No.  749G.     H.  Klkington.     Gilding  an»l  silvering  cer- 
tain metals  and  apparatus  for  the  same. 

1838.  July  24.     No.  7742.     G.  R.  Klkington  and   O.  W.  Barratt.     Coat- 

ing metals. 

1840.  March  3.     No.  8407.    J.  Shore.     Klectro-coating  metals  with  eopper 

and  nickel. 
*'         March  25.     No.   8447.     G.   R.  and  II.  Klkington.     Klei'tro-«lej>osi- 

tion  of  silver,  gold,  and  coj)per. 
'*         August  15.     No.  8604.     P.  A.    Fontainemoreau.      Improvements  in 

coating  metals  with  gohl,  silver,  and  pl;itinuni. 

1841.  March  29.     No.  8905.     A.  Parkes.     Protluetion  of  works  of  art  by 

electro-deposition. 
*•        September  8.     No.  9077.     O.  W.  Barratt.     Klectro-depositing  zinc 

on  other  metals.     Klectro-coj)pering  iron,  etc. 
**        December  9.     No.   91 G7.     W.    II.   F.   Talbot.      Ornamenting   and 

coloring  metallic  surfaces. 

1842.  June  1.     No.   9374.     H.  B.  Leeson.     Manufacturing  platinum  and 

other  metals  from  their  ores. 
**        June  4.      No.   9379.      K.  Tuck.      Plating   metals  and    alloxs  with 

silver. 
**        August  1.     No.  9431.     J.  S.  Woolrich.     Magneto-electric  m.'ichine 

for  electro- plating. 
**        November  25.     No.  9528.    .W.  H.   F.  Talbot.     Preparing  surface? 

for  gilding  and  silvering. 
'40 
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1843.     FebniJirv21.    No.  0fi41.    B.  B.  Blackwell  and  W.  Morris.    Klertrtv 
(K'position  of*  coppiT  and  iron. 
**        April  11.     No.  IM?I)3.     J.Napier.     Eku'tro-caitinjr  fabrics. 
**        Mjiv   4.      No.    i»7*J(».      E.    Mor'wocmI    and    G.     Rogers.      Coating 

nu'tals. 
**        May  i.").      N<».   !»741       M.   roole.     Thenno-electrie  battery  for  de- 
positing: metals. 
'*        June  IT).      No.  DTSG.     O.  AV.  l^arratt.     Improvements  in  batteries. 
I)e<*eniber  H.     No.  JH)82.    J.  Sehottlaender.     Kleetro-coating  falirii^ 
glass,  earthenware,  ete. 
1K44.     Jnly  31.     No.  In,2s2.     P.  A.  Fontainemorean.     Elt»ctrc>-depositing 
bniss. 
**        OctobtT  21».     No.  10,360.     A.   Parke8.     Depositing  metals  by  el«v 
trie  j'urrents  from  their  fused  salts. 
184.'».     Oetober  !».     No.  l(>,SGl».     A.  l*arkes.     Ornamentinjr  the  surfaces  of 

nu'tals. 
184(5.     DenmbiT  12.     No.  11,448.     L.  H.  Piasret  and  P.  H.  DuBois.     Ira- 

pnnements  in  jrilding  solutions  and  batteries. 
1847.      Aujru'^t  3.     No.  11,h2s.     T.  Fletcher.     Manufaeture  of  speeiilum?. 
SeptcmluT  30.     No.  11,878.     C.  De  la  Salzcde.     Improvi-ments  in 

t'leetro-brassinjr  and  bronzin«r. 
November  4.      No.  ll.J»43.     C.   M.  T.  I)n  Motay.     Pro<lueinir  in- 
enisted  or  tlamaskene  surfaces. 
1S4;>.     Man'h  14.      No.  12..'»23.     P.  A.  Fontainemorean.      Improvement*  in 
snlMtlon^  tor  ^ildinir,  platini/lnir.  brassin^j,  ete 
Manli  1!'.      N.).  12.:»2«;.     T.  H.  Kusm-II  amlj.  S.  Wo<.)lrirh.    KKv- 

tr«v-(l.'|ni-itinL'  «'a«bniuni  an«l  it<  alloys. 
Manli   "J'i.      N'>.    rj.:.;{4.       A.   Parkrs.      Elcetro-dcpositinji  c«.'|>{kt. 

siUrr.  tin.  bi«»iimtli,  ct<'.,  in  siieee^<ivi'  layers. 
JiMu'  7.      No.  12.«;.*)4.      S.    B.    Smith.      Improvements  in  bri<:lit  >il- 
veriiiL'. 
ls.')0.      Manli  'J:>.      No.  13.0-J0.      A.  (i.  Ivoseleur.      Eleetro-tinninir  lath. 

Aisju^t    :».      No.    l.i.'Jh:.      ,1.    Steele.      C'oatinjr    metallie    surt':i«TS  to 
L'ive   tlieni  the  appearan<-e  of  tin   <^r  bronze.      Eleetro-gihliui:  ami 
sihenni:. 
1>.'»1.      Febniarv    17.      No.   13,»M3.      C.   C'owp<T.      Improvements  in  elastic 

iuonld>. 
Is.")-.'.      Aj^il  2".     No.  14. oso.     J.  Riiljrway.     Pn^paring  china,  gla<s,  earth- 
enwan'.  ete..  to  re«eive  elei-trt^-deposits. 
Oetob.r '.».     No.  323.     »l,  J.  Uiuis-ieau.     Producing  ornamental  plate? 

by  I'leetrotyping. 
Ueeember  S.     No.  0;*r..     J.  S^monds  and  G.  Mouehet.     Cleaning  or 

sealinir  metallic  surt'aces. 
Peeeniber  11.     No.   lo32.     T.  Morris  and  W.Johnson.     Electro- 
ilepO'^iiion  of  alloys. 
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1852.     December  28.     No.  1183.     C.  J.  E.  Jimot.     Eleetro-depositioii  of 
siliciuni,  titanium,  molybdeninn,  etc. 
**         December  29.     No.    1100.     J.   Power.      Improvements  in  eleetro- 
silvering  metals  and  glass. 

1853.  July  2.     No.  1503.     li.  A.  Brooman.     Electro-deposition  of  metal 

on  yarns,  threads,  and  fabrics. 
**         July  20.     No.  1777.     W.E.Newton.    Electro-deposition  of  alloys  ; 

obtaining  thicrk  electro-deposits. 
"         August  T).     No.  183G.     W.Newton.     Coating  cast  iron  with  copper 

or  brass. 
*'         October  7.     No.   2202.     AV.  Ellis.     Electro-deposits  on  porcelain, 

pottery,  etc*. 
**         November  7.     No.  2.') 70.     H.   Pershouse  an<l  T.  Morris.      Ehnitro- 

drpositing  nu'tallic  alloys. 

1854.  ^laixrh  20.     No.  G61.     J.Perkins.     Im])rovements  in  elcctrotyping. 
•'         April  3.     No.  7G3.     G.  Devincenzi.    Moulds  for  galvanoplastic  im- 

])ression. 

*'         A])ril  27.     No.  051.     C.  C.  Person.     Electro-zincing. 

**  Mayo.  No.  lOoG.  E.  Haseler.  Ornamenting  metals,  papier  machi^. 
horn,  and  shell. 

'*        July  4.     No.  1471.     J.  H.  Johnson.     Coating  iron  with  copjier. 

*'  December  21.  No.  2G00.  J.  H.  Johnson.  Galvanoplastic  pro- 
cesses. 

**  December  20.  No.  2724.  F.  S.  Thomas  and  W.  E.  Tilley.  Plat- 
ing lead,  iron,  and  other  metals  with  tin,  nickel,  aluntinium,  etc. 

1855.  Januarys.     No.  18.     J.H.Johnson      Coating  iron  with  copjx'r. 
February  3.     No.  2.'i3.     F.  S.  Thomas  an<l  W.  E.  Tilley.     Electro- 
depositing  alloys  of  silver,  tin,  copper,  and  nickel. 

**  February  13.  No.  332.  li.  P.  Cornfield.  Electro-plating  iron  and 
other  metals  with  zinc. 

**  Marth  17.  No.  oOs.  T.  Petitjean  ami  L.  Petre.  (iiving  a  per- 
fectly smooth,  polished  surface  to  electnvplated  copper. 

*'        June  5.     No.  127G.     F.  Puis.     Electro-coating  iron  and  zinc. 

**        July  UK     No.  ir>43.    C.  J.  C.  Elkington.     Electnvdepositing  alloys. 

**  September  4.  No.  1007.  J.G.Taylor.  Electro-plating  with  alu- 
minum. 

**  October  4.  No.  2215.  II.  Cornforth.  Electro-coating  hooks  and 
eyes,  with  co])pcr,  brass,  and  silver. 

'*  October  12.  No.  2280.  F.  Puis.  Electro- coating  metals  or  alloys 
of  metals. 

**        Decembers.     No.  2721.     A.  Watt.     Electro-zincing  iron  and  steel. 

'*  Dei'ember  G.  No.  2750.  F.  S.  Thomas  and  W.  E.  Tilley.  Electro- 
plating metals  with  aluminium  and  its  alloys. 

1856.  January  12.     No.  01.     C.  F.  L.  Oudry.     Preserving  metals. 
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185C.     Fcbniary  14.     Xo.  38r>.     E.  Morewootl  and  G.  Rogerii.     Improve- 

mciiL**  in  roatlnjr  iron  and  coi)])er. 
**        Man.-h  1<».     Xo.  ;)So.     I^.  Chablin  and  A.  Ilennique.      Ornamontins 

porci'lain,  ^lass.  vW. 
**         April  ir>.     X<».  sj»:».      K.  K.  Soiithhy.     Ctxitinjf  iron  with  cop[K'r. 
**        June  4.      Xo.  \',i'oi}      K.   A.   Hroouian.      IniprovemcfUts  in  ]>lating 

**        Oi-toluT  i.').     Xo.  *J.")0  7.    (I.  Ernst  and  W.  Lorberji.     EKx-tro-i*trhiu2. 

*•         Drrt-nilHT  17.     Xo.  2'.>!»*2.     ('.  C'owjkt.     lnij»rovfnu*nts«  in  eltrtro- 

j)]atinir. 

1H57.     Januarv  1.     Xo.  '>.     E.  T.  XoualliiiT  and  J.  B.  Pr6vost.      EliKro- 

dt'|»ositin«r  nu'tals  on  hanl  or  vitrififd  surlaces. 

*'        January  f».      Xo.    7f».     J.   H.  Johnson.      Improvoincnts  in  pilvano- 

phistif  pro<H'<st's. 

**        January  '21.      Xo    iMO.     G.  T.  Bonslield.     Coatin*»  metals  with  tin. 

Marrh  'J,").     No.  ^2r».     C\  F.  Ij.  Oudry.     EKrtro-depositinjj  copj^T. 

**        ^lan-h  :•!.     Xo.  ^s7.      S.  J.   (loode.      Ekftro-depositing  nu-iallii- 

aHoys. 

April  2i).    Xo.  1 1  75.    J.  Burrow.    Improvements  in  coating  wroiijiht- 

iron. 
April  27.      X(».  11^0.     C.  Cowper.     Solutions  lor  electro-de|M.>>iting 

jjohl  an<l  >ilver. 
June   1.      Xo.    l.'»40.      W,  A.  Walenn.      L'>ini:  alkaline  tartrate-;  in 

f!iMtr(»-dfpo>itinL'  >olutions. 
Jiiml'L      No.  i:«;»;.      A.  Parkrs.      Inipr(ncnn'nt«:  in  eoatinur  iii«t;iN. 
Jul\    1.      Nm    1^;i;i.      M'.  K.  Xi'wlou.      lM-o<lin-iii;i  j)riiiTinir  -^urlan-s. 
Jul\  ;;•».      Xo.  'Ji'Tl.      S.  C"ouls(.)n.     Klfctro-depo-ition  of  ahiiulni'iiu. 
nrrtuilMT   l:'.       No.   ::il.-|.      T.    N.-woy,  J.    C'orl.ett,    and    W.   11. 
l\irk»  -.      I'.lrrtnutlniiini:  \k'1\<  and  p«'n-lioM«Ts. 
l^.'.s.      I'rlT.;!i\   •_'.;.      Nn.  ;:;.;;.      K.   ('.   Slh-panl.     dlvlni:  iron,    zin.-.   an»l 
Milu  r  nit-l.tU  thr  aj)|'r;»ran«*e  of  l>r.»ii/.\  br.i^.  copper,   i-tr. 
M:irili  IJ.      No   .'.'•:.      L.  F.  (*or)>rHi.     rrod;i«Uoii  of  rthinnuip.m  l,y 

i-lrrtrolv>i-. 
M.'mli    JJ.       N".    .'>•.•  t.       G.    Uavies.       Metallization   of    objeet-    l"-">r 

v\i  rtr<»-j»latiiiL'. 
Manli    •_'•.      No.  •:•;:.       K.  A.  Ja'-.iuin.       Coating   eK-ctrot  \  p..<    ^vith 

iron. 
Stj.rrnil'tr   Jr.      No.    jli".!.      W.   Lander.      ( h'nauitntini;   rbiria  and 

rarlii"  nwan.'. 
O.tolnr  "J^.      N»>.    'Jl":*.      W.   Mnuro.      Mannlaeturing  eap<uies  by 

tli-etrii'  «U-p«>^ition. 
l)r(enilMr   hi.      N(».    -JSf'o.       H.    A.    Brooinan.       Improvement*    in 

eleitn»-platinL'  I'orks,  >poons,  «'te. 
18.')!».     January    \'2.       No.    lo;{.      C.    Be>lay.      Eleetro-eoating  iron   or  steel 

with  tin.  zine,  or  lead. 
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1859.  April  30.     No.  1083.    J.  Toussaiiit.     New  process  in  modelling  and 

moulding  for  galvanoplastie. 
**         December  6.    No.  27G4.     F.  Potts.     Electro-coating  brass,  iron,  and 
other  boiler  tubes  with  copper. 

1860.  January  26.     No.  204.     W.  E.  Newton.     Manufacture  of  gold  by 

electrolysis. 

*'  March  10.  No.  653.  T.  ^loiTis.  Improvements  in  vats  and  de- 
positing metals. 

'*        March  22.     No.  748.     G.  T.  Peppc.     Coating  sheet  lead  with  tin. 

'*  June  6.  No.  138a.  E.  T.  Hughes.  Coating  or  plating  the  faces  of 
printing  type  and  stereotyj)e  plates  with  brass  and  other  alloys. 

**  June  22.  No.  ir>23.  N.  Grattan.  Improvement  in  gilding  steel 
and  other  metals. 

1861.  January  7.     No.  44.     "NV.  Baglcy  and  W.  Wincher.     Coating  metals 

and  alloys  of  metals. 

**  January  10.  No.  145.  B.  PlHard.  Rendering  non-conductive  sur- 
faces conductive. 

**         March  13.     No.  619.    J.  Cimeg.     Silvering  glass  and  other  surfaces. 

'*         May  13.     No.  1214.     T.  H^ll.     Electro-deposition  of  aluminium. 

*'  Aug^ist  14.  No.  2023.  K.  A.  Brooman.  Coating  wire  with  copper, 
silver,  gold,  or  other  metal  or  alloy. 

**  November  5.  No.  2784.  (m.  T.  BousfieM.  Electro-depositing  cop- 
]>er  from  solutions  in  igneous  fusion. 

**  November  23.  No.  2044.  J.  WeiMis.  lmprovi*ments  in  the  manu- 
facture of  m('taHi(;  tubes,  an<l  in  coating  and  plating  metals. 

1862.  May  21.     No.  153H.     W.  E.  Newton.     Manufacture  of  niineralize<l 

fabrics. 

'*  June  28.  No.  ISOG.  C.  Beslay.  Coating  metals  by  electro-chemical 
agency,  and  apparatus  theri'for. 

*'  August  30.  No.  2410.  J.  II.  Johnson.  Eleclro-coating  cast  or 
wrought  iron,  zinc,  etc.,  with  copper. 

*•  October  3.  No.  2675.  A.  Dalrymple.  ])ep«)siting  metals  by  galvanic 
acfion,  and  ornamenting  nu'tallic  surfa<'fs  thereby. 

**  December  8.  No.  32«8.  ('.Sanderson.  Electro-brassing  steel  driv- 
ing bands. 

1863.  August  22.     No.  20.'^s.      S.  Moi.re.      Improvements  in  apparatus  for 

electro- phi  ting. 
1  864.     February  21).     No.  407.     F.  Weil.     Lnprovenients  in  electro-plating 
solutions. 
*'         August  15.    No.  2020.     S.  Moore.     Improvements  in  electro-gilding. 
*'        December  14.    No.  3005.     S.B.Thompson.    Improvements  in  coat- 
ing iron  or  sieel  with  silver,  gold,  jilatinum,  etc. 
18C5.     June  5.  No.  1541.     W.  E.  Newtoji.      Photo-electrotyping  jirwess. 
October  2.    No.  2521.    T.Allan.    Preparation  of  iron  and  steel  and 
other  metals  for  electro- plating. 
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1805.     October  7.    No.  2592.    J.  B.  Thompson.     Improvements  in  coating 
'  iron  and  steel  with  jrohl,  silver,  platinum,  and  copper. 

'*        October  26.      No.  2762.      H.  AVilde.      Klectro- magnetic  indm-tioQ 
machine. 
1866.     February  14.     No.  460.     ]M.  Henry.     Printing  surfaces  by  electro- 
nu'tnlhirjry. 
'*         August  15.     No.  2095.    J.  Webster.     Improvements  in  coating  and 

recovering  metals  from  chloride  and  other  metAllie  solutions 
**        Novt'mber  20.     No.  3o47.     (I.  E.  Broonian.     Coating   or  covering 
iron  and  stetd  with  copiK?r  or  copfHT  alloys. 

1868.  ^lay  29.      No.  1777.      G.  T.  Bousfield.      Improvements  in  plating 

spoons. 
**        August  14.    No.  2545.    J.  B.  Thompson.    Coiiting  iron^and  steel  with 

gold,  silvur,  and  copper^  ami  appanitus  for  the  s:ime. 
**        October  10.     No.  3117.     AV.   R.  Lake.      Improvements  in  electro- 
plating with  nickel. 
October  15.      No.   8155.      H.   A.  Bonneville.       Elastic  moulds  for 
electrotyping. 
'*        l)eccmbiTl9.     No.  :J871.    J.Jones.     Removing  vaj)or  from  electro- 
depositing  baths. 
December  24.     No.  .S9.30.     W.  II.  Walenn.     Electro-deposition  of 
copper  and  brass. 

1869.  July  26.     No.  2268.    W.  E.  Tilley.     Electro- plating  various  metals 
.     with  tin. 

**         Augii'it   17.      No.  2456.     M.  H.  Jacobi.     (lalvanoplastic  di-position 

of  inm. 
Octohcr  r..     No.    2;mH.      F,..  Hunt.     Producinfj  reliefs  bv   «/alvaiiic 

do]n)slti()ii. 
OctobiT  2s,      No   'A\'>^i.     W.  Hr<.>okes.      Electro-deposition  of  nickel 

(Adams's  pr(K'ess). 
''         October  .'U».     No.  .*U5!».     A.  Clinton.     Electro-caiting  iron  ami  otht-r 

metals. 
NoveudxT  23.      No.  3o7  7.      II.    A.   Bonneville.      Improvements  in 

eleetro-])l;iting. 
1S70.      February  2.     No.  3<>;{.     I.  Ad;nns.  .Tr.    Eleetro-depo*ition  of  niekil. 
April  12.      No.  lor..s.      I.  Adam<.  .Ir.      Electro  depo>it ion  of  niekel. 
AuLMist  27.      No.  2:i.')9.     W.  K.  Lake.      Improvements  in  the  mami- 

taeture  of  tacks  ;nid  nulls. 
Si-pleml»er  1.").      No.  2491.      H.  E.  Towle.      Eleetro-plating   the  In- 

terior  of  lead  and  other  metallie  tubes  or  pipes. 
Se])tend>er  28.     No.  2580.     J.  E.  Bingham.     Electro-dejK>sition  of 

tin. 
November  16.     No.  ,So05.     O.  llaseltine.     Eleetro-plating  iron  and 

steel  with  goM  or  silver. 
December  no.      No.    3396.     E.    D.   Nagel.     Elwtro- deposit  ion  of 

nickel  or  cobalt. 
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1871.  June  8.     No.  1511.     H.  Wilde.     Improvements  in  the  manufacture 

of  boiler  tubes  and  apparatus  therefor. 

**        June  21.     No.  1C26.     J.  Unwin.     Coating  metals  with  nickel. 

**         August  29.     No.  2206.    T.  Fearn.    Depositing  alloys  by  electricity. 

*'  September  16.  No.  2450.  W.  H.  Maitland.  Coating  metals  with 
copper. 

**  October  4.  No.  262.S.  K.  E.  de  Lobstein.  Coating  and  ornament- 
ing metals. 

**         December  21.     No.  3459.     J.  Unwin.     Coatinjr  meUils  with  nickel. 

1872.  May  6.     No.   1376.      Fitzgerald  and  Molloy.     Decomposing  com- 

pound substances  by  electricity. 

*'  July  24.  No.  2208.  \V.  T.  Allen  and  D.  T.  Fitzgerald.  Electro- 
deposition  of  metals. 

**  Decembers.  No.  3680.  T.  Petitjean.  Producing  metallic  surfaces 
and  articles  by  electro- deposition. 

**        December  18.     No.  3839.    J.  Noad.     Manufacture  of  electrotypes. 

**  December  31.  No.  3970.  J.H.Johnson.  Depositing  copper  and 
its  alloys  on  iron. 

1873.  April  7.     No.  1277.     T.  Fearn.     Electro-deposition  of  tin. 

**        Jidy  2.     No.  2302.     W.  R.  Lake.     Electro-plating  with  nickel. 
**         October  14.     No.  3322.     S.  Delalot.     Silvering  and  gilding  iron. 

1874.  April  29.     No.  1492.     II.  J.  Brook,  E.  G.  Draper,  and  J.  Unwin. 

Preparation  of  artiirles  to  be  electro-coated  with  nickel  and  other 
metals. 

**  April  29.  No.  1493.  W.  Baker  and  J.  Unwin.  Electro-deposition 
of  nickel. 

"  September  4.  No.  3033.  J.  B.  Thompson.  Imj>rovements  in 
coating  steel  and  iron  with  gold,  silver,  and  other  metals. 

'*  September  15.  No.  3148.  W.  ^lorgan  Brown.  Deposition  on 
metiils  on  glass  and  eartlienware. 

**  October  19.  No.  3587.  J.  W.  Perkins.  Anodes  for  nickel-plat- 
ing. 

1875.  December  11.     No.  4302.     R.  J.  Blewitt.    Electro-coating  iron  and 

other  metals  with  tin. 

1876.  June  20.     No.  2554       R.  >I.  Prior.     Electro-plating  with  nickel. 

1877.  March  14.     No.  1023.     E.  T.  Hughes.     Electro-plating  wire. 

*•         April  20.     No.   1548.     J.   Unwin.     Electro-depositing  solutions  of 

nickel. 
**        September  15.     No.  34  76.     W..   R.   Lake.     Electro-coating  metals 

with  tin. 

1878.  January  29.     No.  380.     A.  Van  Winkle.     Coating  baser  metals  with 

gold,  silver,  or  platinum. 
**        August  27.     No.  3392.     F.  Maxwell-Lyte.     Coating  iron  and  steel 

■with  copper  or  nickel,  and  producing  iridescent  films. 
**         November   11.      No.    4573.       G.    Zanni.       Electro-deposition    of 
.  metals. 
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1878.  DorcmWr    2.      No.    4921.     W.    R.    Lake.      Elcotro-depwition  of 

ni(*kol  and  otluT  inetnlft. 
**        l)o(MMiiher    14.     No.    5127.     F.    C.    Glaser.     Platin^r   nu-tal;*  with 
nii-kcl  and  t'ohalt. 

1879.  Folinmrv  11.     No.  520.     T.  11.  Bla[ie.     Electro-plating  brass.  Ger- 

inan-silviT,  ni<?kol,  roj)|H»r,  iron,  ami  steel. 
Manh  2i;.     No.  1203.     E.   A.   Clowes  and  J.  Batcy.     Moulds  for 
eloetrotypinjr. 
**         April  s.     No    \:i97,     II.  Knipp.     Improvements  in  silver-plating. 
•'         SeptemlhT  .*to.     No.  3927.     AV.  E.  (jedjje.     Improved  galvanopUs- 
tie  pnH*es«i. 
OetfilHT  11.      Nil.  4110.     W.  H.  and  (t.  Wilkinson.     Ornamenting 
eU*<*tri>-pl:ited  wlires. 

1880.  April  I «l.     No.  1;mG.     II.   A.  V.  AVirth.     EK^ctro-platinir  .and  gild- 

in;r  wood. 
*'        Jidy  24.     N«».  3<»43.     F.  C.  Gljiser.    Platinjr  iron  and  steel,  copper 
anil  all«>vs.  with  nickel,  ci^balt.  etc. 

1881.  ^tan'li  .".      No.   :i;?2.     tl.   Elmore.     G.tlvanizing  iron  by  electricity. 
April   •_';>.      No.    17r.4.      A.   Ciutensoiin.       Cojiting   lead   and  other 

nirtaU  with  tin. 
Aii:;ii'»t  2'».      N«\  ;57.">4.     AV.  Ehuoreaml  J.  J.  Atkinson.     Iniprove- 

nuiits  in  ^»pl^M^;::  '•hfathing  to 'Jtnictiinl  metal  siirtace<. 
Ni»vrn>'ir   I'l.      No.     r»47.      F.    AVirth.     Improvvmt-nt*  in  electro- 

N-         ■.".:.     Wm.  Morj'Ji  l»rown.    E!i--Tn^i»ii-ki*lin|Z 

l><-,     .^,■     .- \   •. .      N.      '       .^    v..   l  iM-tt-r.     Nick*  ■-:  i  it'!ij  .   vli-«*r«-phit- 

::■      .J.  i:,  IV..*:       >:N."i!.j  j:  i-^-. 
•.      \V.  11.   AV.:i:ir.     l.:^.:;-.^.:.  :.:si:::.^  cM.ptT. 

*».      .^  li.    1  •":■►•"<.      V    n':.:._:  ;.:.  :  >\v::!  ^j  motsl 
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Acetate  of  copper,  125,  539,  640 

of  lead,  540 
Aeetntes  formed  by  double  decomposi- 
tion, effects  of,  126 
Acetic  acid,  640 
Acid  baths,  444,  446 

mixture  for  bright  dipping,  35-37 

for  dead  dipping,  'AS,  39 
nitrate  of  mercury,  5GG 
Acids,  542 

poisoning  by,  611,  612 
spent,  utilization  of,  417-119 
Action,  bringing  batteries  into,  80,  81 
Adams,  Isaac,  Jr.,  patent  of,  for  an  im- 
provement  in  the  electro-deposition 
of  nickel,  372- J76 
Adams,  Isaac,  Jr.,  nickel  solution,  380 
patent  of,  for  the  use  of  a  solu- 
tion of  sulphite  of  nickel  in 
a  solution  of  sulphite  or  bi- 
sulphite of  ammonium,  375 
patents  for  nickel-plating,  remarks 
on,  376,  370 
Adams,  Joseph  A.,  early  reproduction 
by,  of  an  engraving  by   electro-me- 
tallurgy, 21 
Adams's  process  for  applying  powdered 

tin  to  wax  moulds.  455 
Adrielle's  formula   for    immersion    sil- 
vering, 285 
Algiers  metal,  cleaning,  «')o 
Alkalies,  cleansing  by,  'J7,  'IS 

poisoning  by,  ♦'12 
Allison,  quoted,    104 
Alloy  of  aluminium  and  nickel.  402 
of  copper,  tin,  and  zinc,  146,  147 
of  zinc  and  iron  formed  in  the  gal- 
vanizing bath,  529 
Alloys.  554-659 

of  copper,  666-558 

of  lead,  and  tin,  cleansing.  65 

of  tia  and  nickel  for  couting  iron 

plates,  420 
to  keep   solutions    of,    in    proper 
working  order,  148 
Alaio  plaster,  466 


Aluminium  and  nickel  alloy  of,  402 

bronzes,  depositing,  401,  402 

deposition  of,  401,  402 

not  advantageous  as  an  electro-ile- 
posit,  401 
Alu-ni,  an  alloy  of  aluminium  and  nickel. 

402 
Amalgamate*!  articles,  which  have  be- 
come oxidized,  cleaning,  319 
Amalganniting  salt,  443 

salt,  preparation  of,  5S8 

salt,  Koseleur's,  80,  587,  588 
Amalgam,  gilding  with,  242-J44 

gold,  559 

gold,  gilding  with,  183-185 

of  gold,  preparing,  239 
Amalgams,  559,  5(>0 
Amateurs,  silvering  bath  for,  309,  310 

simplified  apparatus  for,  433-435 
American    experimentalists,  early,    in 

electro-metallurgy,  21 
Ammonia,  560-5(>2 

how  obtained,  561 

hy<lrocyunate  of,  579 

prussiate  of,  579 

sulphydrate  of,  592 

uses  <»f  in  electro-metallurgy,  661, 
562 
Ammoniacal  gas,  560 

liquors  of  coal-gas  works,  561 
Ammonium,  56l) 

characteristics  of,  5»iO,  561 

cyanitie  of,  579 

phosphate  of,  5s4 

bulphiile  of,  5*»2 
Anhydrous?  sesquioxide  of  iron,  590 
Anode,  69    . 

gold,  in  gold  bath,  195 

surface  in  the  nickel  hath,  387 
Anodes,  596 

for  brassing,  139,  140 

for  deposition  of  coppef,  117,  118, 
119,  121,  122,  124.  125, 

silver,  blackened,  312 
examination  of,  313 
gray,  313 
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Anodc8,  silver — 

when  they  remntn  white,  313 
Antidotes  and  hygiene  of  the  workshop, 

CU-014 
Antimony,  deposition  of,  402-404 
deposited,  appearance  of,  402 
oxysulphide  of,  403 
Antique  bronze.  533 

siWering,  340,  341 
Apparatus  and  chemical  products  used 
in  galvanoplasty,  535-()(»8 
and  instruments,  605-608 
simplified,  for  amateurs,  433-435 
simplified,  for  palvanoplasty,  432 
Aqua  fortis,  642,  543 
dipping  in,  31-35 
for  bright  dipping,  35 
when  spent,  34 
Aqua-regia,  548 

composition  of,  548 
Argentan,  a  bath  to  deposit,  145 

elastic,  558 
Argentic  chloride,  571,  572 

nitrate,  5(54,  50G 
Argentophile,  275 
Argol,  609 

Armature  of  the  Mather   plating  ma- 
chine, 111,  112 
Arnoux-IIochhausen    plating   machine, 

109,  110 
Arsenic,  541 
Arscnious  acid,  541 

effects  of  in  the  brapsing  bath, 
i:^5 
Attrition,  cl»?:iiiin^  by.  •'">')-58 
Auric  chloride.  T)?.}— '>75 
Aurophile,  27'» 

Automatic  switch  for  regulating  the 
current,  101> 

Bacco's  process  for  electro-brassing 
bath,  145 

Backing  electrotypes,  401 

Backing-pan  for  electrotypiiig,  401 

Baking  powder,  ^y*'>H 

Balances  for  usoortaining  the  weifrht  of 
silver  deposited  on  articles,  320- 
322 

Balloons  and  flasks,  500 

Basin  for  silvering  by  immersion.  270 

Bath,  cleansing  or  preparing,  182 
for  dead  gilding.  440 
galvanoplastic,  42<)-420 
silvering,  for  amateurs,  300,  310 
silver,  revivification  of,  202 
zinc  fo^galvRuizing  iron,  tempera- 
ture  of,  527 

Baths,  acid,  444,  445 

brassing,  formuloe  for,  134-148 
for  immersion  gilding,  16t>-171 


Baths— 

galvanoplastic   for  silver  or  gold, 

508 
old,  reduction  of,  410 
too  rich  in  metal,  test  of,  297 
Battery  and  dynamo  machines,  compa- 
rison of  work  done  by.  103 
Buusen's,  77-82 

causes  of  non-working  of,  '  0,  81 
Daniell's  70-77 
early  experiments  of  the  d^'<  orapos- 

ing  power  of,  17 
effect  of  on   accumulation   oi   zinc 

sulphate  in,  81 
for  hot  silvering  baths,  291 
galvanic,  what  constitutes,  G8 
Grenet,  87 
Grove's,  85-87 

keeping  in  order,  81,  82,  441-443 
L^clanch^,  90-93 
making  good  the  losses  of,  81,  82 
Marie-Davy,  87 
Smee's,  87-90 

supplanted  by  the  machine  in  elec- 
tro-plating, 113 
testing  working  condition   of,   be- 
fore using,  80,  81 
the  best,  in  what  it  consists,  70 
Batteries,  box  or  closet  for,  84,  85 
bringing  into  action,  80,  81 
deriving  their  action  from  chemical 

processes,  70 
description  of  the  most  important 

of.  70-03 
electromotive  force  of  various,  83 
galvanic,  <')8— 03 

important  observations  on,  84,  85 
manipubition  of,  difficulties  in,  103 
should  be  kept  separate  from  the 

operating  room,  85 
taken  apart,  84 
temperature  of  place  where  kept, 

84 
the  two  classes  of,  00,  70 
Baumd  hydrometer,  597 
Becquerel,  early  paper  of,  on  tlic  elec- 
tro-chemical reduction  ot  nick«  I, 
372 
gilding  solutions,  210 
lead  solution  for  metallo-cbromes, 

408 
on  the  useful  application  of  metnllo- 
chromes,  40<) 
Bells  for  clocks.  55t) 
benzine,  583,  584 
Benzole,  583,  584 
as  a  solvent,  583 
characteristics  of,  583 
Bertrand,  description  of  the  double  chlo- 
ride of  palladium  and  ammonium,  363 
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Bertrnnf],  experiments  in  electro-depo- 
sition of  aluminium,  401 
on  the  electro  deposition   of  anti- 
mony, 404 
on  the  electro-deposition  of  magne- 
sium and  cadmium,  402 
Dibasic  phosphate  of  sodium,  585,  580 
Biborate  of  sodium,  5(39,  570 

characteristics  of,  569,  570 
preparation  and  uses  of,  570 
Bicarbonate  bath  for  gilding,  180 
of  potassium,  507,  568 

how  obtained,  507,  568 
uses  of,  568 
of  Hodium,  508 

simple    immersion     gilding    with. 
170-181 
Bicarbonates  of  potassium  and  sodium 

for  gilding,  179,  180 
Binoxalate  of  potassium,  568,  569 
Bird,  Dr.    Golding,  decomposition  nnd 
deposition    of    the   chlorides   of   so- 
dium, potassium,  and  ammonium  b^  , 
with  the  battery,  18 
Bismuth,  deposition  of.  405 
Bisulphide  of  carbon,  593 

apparatus  for  manufacturing, 

594,  595 
for  bright  silvering,  804 
Bisulphite  of  sodium,  591,  592 

for  silvering,   preparation  of, 
280-282 
Bitnrtrate  of  potassium,  569 

characteristics  of,  569 
Black  bronze,  531,  010 

colonitiou   on    brass    instruments. 

610 
lead,  453,  586,  587 

for  electrotyping,  483 
Black-leading,  dry  and  wet,  484 
machine,  488.  484 
moulds.  Knight's  process,  457 
the   mould    in   electrotyping, 
482-485 
Black  on  brass,  610 
Blake,  Prof.  W.  P.,  on  Fleitmann's  pro- 
cess of  refining  nickel,  MiU 
Bloxam's  «*  Metals."  quoted,  517,  530 
Bluestone,  588,  589, 
Blue  vitriol,  588,  589 
Boettger,    Dr.    R.,    early    experiments 

of,  in  plating  with  nickel,  370,  371 
Boettger,  Prof.,  successful  experiments 
in    copying   a    onpp«fi' 
plate  for  printing.  20 
in  obtaining  relief  plates 
of  copper,  and  in  gild 
ing  silver,  copper,  and 
brass,  20 
Boettger*8  iron  bath,  400 


Boettger's — 

nickel-plating  solutions,  382 
process  for  coating  articles  of  cop- 
per or  brass  with  zinc  by  immer- 
sion, 397 
process  for  platinizing,  300,  361 
Bohemia,  early  practice  of  tinning  in, 

513 
Boiler  for  brassing  iron  and  zinc  wire 

in  coils,  181,  132 
Boiling  pans,  599,  000 
Boracic  acid,  543,  544 
Borax,  543,  569,  570 

characteristics  of,  569.  570 
preparation  and  uses  uf,  570 
Boric  acid,  543,  544 
Boulogne  silver,  cleansing,  65 
Brass  and  copper  trinkets,  gil  iing  by 
simple  immersion,  182 
baths  and  apparatus,   disposition 
of,  131 
disposition  of.  140 
copper  and  German  silver,   Rose- 
leur's  method  for  electro-silver- 
ing, 315-318 
deposit,  light  colored,  bath  for,  145, 

146 
deposits,   frequently  used   in   the 
arts,  130 
preferred  for  small  articles  of 

iron  and  zinc,  130 
preliminary      and      finishing 
operations  for,  131 
electro-depositiou  of,  130-149 
for  articles  worked  with  the  ham- 
mer, 555 
for  turning,  556 
green  bronze  for,  615,  016 
hints  on  coating  ditferent  articles 

with,  148,  149 
solder,  filling  galvanoplastic  copies 

with,  504 
statuary,  556 
surface,  bronzing,  131 
thin  coating  with  tin,  152 
tinning,  150 
Brassing,  anodes  in,  139,  140 

articles   which    are    subjected    to, 

130 
bath,  Bacco's,  145 

cold  for  all  metals,  134,  18.") 
maintaining    the    proper 
equilibrium  of,  180,  137 
correcting  the  color  when  too 
dark,  145 
when  too  light,  145 
effects  of  arsenious  acid   in, 

135 
electro,  Morris  and  Johnson's 
process,  144,  145 
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Braaning  bath,  electro — 

of   Bronel,    Bi^son,    ad<1 
Gaii^ain.  148.  144 
for    wrought    and    cast    iron. 

steel  and  tin,  138 
for  zinc,  188 

which  mny  be  used  hot  or  coM, 
144.  14r> 
baths,  cold,  electro,  correcting  the 
disturbed     equili 
briuni  of.  l.'^T 
tanks  for,  135,  136 
restoring,  137 
formulaj  for,  134,  148 
niainfuininp  the  uniformity  of 
Color  of  tlie  deposit  in.  13*« 
varying   the   shades  from  red 
to  green,  13«,  ]'VJ 
electro,  !ind  bronzing,  140 

De  la  Salzede's  process,  142 
(iore's  process  for,  144 
heat  seldom  employed  in,  131 
of  zinc,  tin,  copjier,  irofi,  and 
steel,     Winckler's    process, 
141 
Walters's  process,  144 
Watt's  process  for,  143 
iron  and  zinc  wire  in  coils,  131-13;^ 
modifying  the  depo'^ifs  in.  13(» 
ohjects  for,  clean^-itig,  137,  ]'-'>f*' 

for,  scrafch-hrusliing.  137,  1-^ 
of  articles  of  bronze  composilioM, 

131 
of  7a:\i:  Jin  1  iron,  permanent.  140 
rfineil\  iri;^  u  redtii.-ili  depo-ii  in,  1  '■'/■' 

white  dcpo^itH  in.  1  3'J 
solution,  Newtor»'s,  1  W» 
solution.'^.  II •"--'r^  j.l.m   fur  regulat- 
iii-.  M7 
t(»  k«'ep  ill  working  order.  14*^ 
where  a  bronze  lu-^tre  is  afle^war'i^ 
to  be  given.   1  U) 
Braun's  gilding  sohiti'm,  217,  i'H 
solution  for  ^MJiling  zinc,   1>*3 
Breaking    circuit,    njechanical    <levice?- 

for,  322 
Brinnl's  gilding  .solution,  217 
Bright  dipping,  acid  tnixlure  for,  3')-37  . 
aquii  fortis  for,  3') 
silver- pbited  article.";,  rinsing,  3<i^ 
silvering.  DOl-lWH 

experience    of     the  •  Meriden 
Britannia  Co.  in,  308 
of  the  Wm.  Rogers  .Manu- 
facturing Co.  in,  308 
*'  Briglit"  vat  for  silvering,  306 
Brightening  silver  solution,  peculiar  be- 
havior of,  308 
solution  for  silver,  300 
Bringing  batteries  into  actioo,  80,  81 


Britmnoia  metal,  cleansing,  »'5 

cleansing    for    nickel-platinf, 

389 
for  hollow-ware,  clean^irg  und 

plating,  2^5 
gilding  and  silrering.  witboat 
prerioas  coating  with  cop- 
per, 67 
plating   without   prerioas    coatiof: 
with  copper,  67 
Bronze,  a  metallic  deposit  to  resemble. 
146 
anode,  146 

articles,  scralcb-brusblng.  ol 
black,  534,  616 
brown,  616 
coated  zinc,  63 
composition.  244 
copper  bath  for,  120 
for  cymbals,  557 
for  electrotypes,  616 
for  gongs,  557 
for  metals,  557 
for  ornaments,  556.  557 
green,  616 

or  antique,  533 
patina  for,  614 
powders,  534 
steel,  534 
Bronzes,  acid,  533 

imitation  of  large,  by  gulvan<»[»las- 

ly.  45-^ 
water.  5^3 
Bronzine,  531 

i;ronziuea  on  ceramic  wares,  o34 
on  metals.  534 
on  pla.«ter  of  I'ari-^,  534 
Bronzing,  531— '>34 

at  the  Paris  Mint,  532 

colors,  tones,  and  ^ha  les  of.  .'/il 

copper.  «.15 

liquors,  '>'-",-\ 

o'rjeel  of,  o3l 

of  zinc,  532.  533 

on  bras<.  140 

on  metal;:,  531.  532 

operation  more  sati*<factory  upon  a 

brisv;  snrt^ace.  1  31 

solution.  KNner'."^,  147 

Newton's,  146 

lluoltz's,  147 

Saizede's,  142 

Brown  bronze,  6Ui 

Brunei,  Bisson,  and  (iiangain*«  electro- 
brassing  baths,  143,  144 
Brush  dynamo  machine,  104-107 

application  to  electro-plating, 
106,  107 
machines,  plating,  performances  of, 
106,  107 
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Brushes,  600,  601 

Budy  &'Lnniniatscb's   alloy  of  Dickel 

and  tin,  520 
Building*  the  mould  for  electrotyping, 

481,  482 
Baneen's  battery,  77-82 

constitution   nnd    electro-mo- 
tive force  of,  8-^ 
moditicntions  of,  78 
burner  for  gas  furnace,  170 
Burnishing,  334-338 

electro-plated  articles,  importance 

of,  334 
instruments  for,  335 
tools,  601 
Butter  of  zinc,  577 

Cadmium,  electro-deposition  of,  402 
Calcium,  cyanide  of,  570 

sulphide  of,  593 
Californin  liquor,  275 
Candelabra,  large,  coating  by  galvano- 

plasty,  458 
Caoutchouc,  570,  571 

dissolution  of,  571     . 
moulding  with,  476 
Capsules,  601,  602 
Carbonate  of  copper,  use  of,  125 
Carbon,  bisulphide  of,  503 

disulphide,  593 
Carbons,  the,  in  batteries,  removing,  84 
Carriage  ornaments,  silvering,  277 
Cast-iron  articles,  large,  coating  by  gal- 
vanoplasty,  458 
cleansing,  65 
Eisner  8  process  for  coppering, 

128,129 
galvanizing,  528 
pickles  for  cleansing,  65,  66 
preparing  for  the  galvanizing 

bath.  528.  529 
statuettes,  solution  for  bronz- 
ing, 147 
to  keep  cleansed,  66 
Castings,  iron,  small,  tumbling.  520 

of  iron,  galvanizing.  528.  529 
small,  of  iron,  galvanizing,  52 
Casts,  sulphur,  468 
Cathode,  60 
Cells,  coupling  a  number  of,  78-80 

duplicate,  importance  of  having,  84 
porous,  in  batteries,  removing,  84 
Ceramic  wares,  bronzing  on.  534 

decoration  of,  by  the  metallo- 

chromic  processes,  409 
metallization,  459,  460 
Ceylon  graphite,  483 
Chahlin,    M.,  method   of  ornamenting 
porcelain,  ceramic,  and  crystal  ware 
bj  galvanoplasty,  459,  460 


Chemical  products  and  apparatus  used 
in  galvanoplasty,  535,  608 
especially  employed  in  the  art, 
535,  595 
synonomy,  535-539 
Chlorhydric  acid,  546,  547 
Chloride  of  gold,  573-575 

advantages  of,  194 
characteristics  of,  573 
dissolving  and  filtering,  168 
preparation  of,  574,  575 
regulation  of  the  color  of,  1 67, 
168 
of  platinum.  575-577 

characteristics   and    prepara- 
tion of,  575-577 
coating    metals,    glass,    etc., 

with,  576 
on  brass,  576 
solubility  of,  576 
of  silver,  563,  571,  572 
of  tin,  572,  573 
of  zinc,  577 

characteristics  of,  577 
preparation  and  uses  of,  577. 
Chlorine,  poisoning  by,  614 
Christolle  &  Co.,  Gramme   and   Wilde 
machines  used  by,  in  elec- 
troplating, 100-104 
half-dead  and  dea<l'gilding  so- 
lutions, 218,  219 
Paris,  100,  102,  103 
process    for    filling    galvano- 
i  plastic    reproductions  with 

'  copper  solder,  504 

Chromes,  nietallo,  406-409 
j  Chrysocale,  558 
(Mrcuits,  branch,  85 

I  (/leaning  small  articles  by  attrition,  56 
■  Cleansing,  26-44       • 

alloys  of  lead  and  tin,  65 

articles  before  plating  with  silver, 

293-296 
baths,  arrangement  of,  42,  43 
by  fire  and  by  alkalies,  27,  28 
copper  and  its  alloys,  27 
hollow  objects,  45,  46 
of  iron  before  galvanizing,  525,  527 
of  zinc,  63 
operations,  no  intervals^hould  be 

allowed  between,  41 
perfectly,  dependent  on    tempera- 
ture, 34 
pots,  arrangements  of,  43 

shape  of,  42 
silver,  44-47 

with    powdered   borax,    lime, 
and  charcoal  dust,  45 
solutions,  315,  316 
steel,  66,  67 
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Cleansing — 

zinc,    lead,    tin,     oast-iron,    and 
wrought- iron,  etc..  (5--(>7 
Coal  tap,  light  oil  from.  583,  584 
Coatings  for  metals,  018,  GIO 
Cobalt,  electro-deposits  of,  896 
Coloothar,  690 

Cold  electro-gilding  baths,  191-190 
Cold  siWering  by  immersion,  'J78-'.*87 
Collodion  TArnish  to  prevent  the  tar- 
nishing of  silver  and  silver  plate,  016, 
617  • 

Coloration  on  surfaces,  617,  618 
Colored  coatings  for  metals,  618,  619 

golds,  176 
Coloring  process  foe  gilding,  172 
Color   of    gilded    articles,    correcting, 
defective,  191> 
of  the  electro  deposited  gold,  va- 
riations in,  25  >,  254 
Commutatorof  the  Gramme  machine,  98 
of  the  Mather  machine,  112 
of  the  Weston  machine,  108 
use    of,    on  dynamo-electric    ma- 
chines, 95 
Compositions  for  paste.  272,  273,  274 
Conducting  wires,  602,  603 
Conductivity,  electric,  imparting  with 

plumbago,  586,  587 
Conductor,  69 

Conservators  of  plated  silver,  275 
(yontaci  of  the  clean  metals  in  the  gal 

vanizing  batli,  to  obtain,  528 
Coppe*",  action  of  the  gold  batii  on.  1^15 
alkaline  cyanide  solution  of,  116 
alloys  of.  555-558 
and  its  alloys  adapted  to  receive  a 

platinum  depo^sit,  357 
and  potassium,  cyanide  of,  116 
anodes  for   the  deposition  of,  117, 

IIH,  no,  121,  122.  124,  125 
articles,  cleansing   before  gilding, 

203 
acetate,  cyanide,  and  carbonate  of, 

125 
bath,   anode  of.    when  it  becomes 
covered  with  a  coating  pre- 
venting its  solution,  126 
anode    of,    with    too    lorge    a 

surface,  eflect  of,  126 
cold  for  iron  and  steel,  1 19 
for  all  metals  and  alloys,  cold 

or  warm,  118,  119 
for  deposition  by  immersion, 

114 
hot  or  cold,  for  tin,  bronze,  or 

large  pieces  of  zinc,  120 
often  recharged  with  salt,  be- 
comes dense  and  its  condnc- 
tivity  dimlDishes,  126,  126 


Copper-bath — 

warm,  for  iron  and  steel.  119 
working  quality,  restored  by 
water,  126 
baths,  bringing  up  exhausted,  125 
brass  and  German-silver,  Ro« 
seleur's  method  for  electro- 
silvering,  815-318 
decoloration  of,  120 
hot,    stoneware    vessels    for, 

122,  128 
improve  by  age,  120 
maintaining  the  materials  io 
a  proper  state    of  equilib- 
rium, 126 
restoring,  125 
tanks  for,  120-122 
brass,  Britannia  ware,  tin,  pewter, 
etc.,  cleansing,    for  nickel- 
plating,  389.  890 
or   bronze   articles,  denning, 
154 
bronzing,  615 

coating  articles  with,  before  silver- 
ing, 293 
cyanide  of,  678,  679 
deposited  by  the  Weston  machine, 

108,  109 
deposit  when  finished,  122 
deposition  of,  114-130 

of,  by  simple  immersion,  114- 

116 
of,  from  solutions  of  the  double 
salts,    adapted     to     all 
metals  and  allo3's:,  H7 
double     salts,     the    most 
simple  process  for,  1 1 7, 
118 
of.  on  iron,  114 
of,  on  zinc,  iron,  tin,  lead,  and 

Hritannia  metal,  IIG 
of,  on  steel  wire.  62f> 
electro-deposition  of,  116-lCO 

of,  on  iron,  127-130 
electro-deposits  by  simple  and  by 

double  salts,  116 
firm  coaling,  123 

hot  deposition  of,  more  rapi«l  thnn 
cold,  123 
what  articles  especially  ad:ipt- 
ed  to,  123 
hydrocyanate  of,  678,  679 
in  gilding  solutions,  165 
objects    suspending  in   the    bath, 

'l22 
prussiate  of,  678,  679 
recovery  of,  415,  416 
solder,  filling  galvanoplastic  repro- 
ductions with.  604 
sulphate  of,  116 
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Copper —  i 

sulphate,  solution  of,  when  it  can- 
not be  used,  1 10 
thin  coating  with  tin,  152 
tinning,  15b  i 

Copperas,  589,  690 

Copperingbrass.German-silver,  etc.,116 
by  immersion,  improved  process  of, 

115 
by  the  Smee  battery,  time  neces- 
sary in  electrotyping,  481) 
iron  and  steel  articles  for  nickel- 
plating,  391 
iron,  zinc,  etc.,  110,  117 
non-conducting  surfaces,  455 
pierced  articles,  V2'i 
process.  Knight's,  487 
silver  articles  before  gilding  them, 

120,  127 
sraftll  articles  by  immersion,  115 
small    articles  of    zinc,  stoneware 

ladle  for,  123,  124 
solution  for  simple  immersion,  115 
zinc  articles  by  immersion,  140 
Couple  or  element  in  the  battery.  08 
Coupling  a  number  of  cells,  78-bO 
Cox's  process  for  electro-tinning  lead, 

157 
Cream  of  tartar,  669 
Crucibles,  003,  604 
Crystal,  gilding  on,  178,  179 

ware,  ornameutntion  of,  by  galvano- 
plasty,  459,  400 
Cupreous  coating  on  zinc,  stripping,  04 
Current,  galvanic,  09 

in  a  battery,  causes  of  the  stoppage 
of,  80,  81 
Currents  of  dynamo-electric  machines,  95 
Cyanhydric  acid,  544-540 
Cyanide  gilding  baths,  209-211 

free,   necessity  for  having,  in  the 
double  cyanide  baths  fur  gilding, 
250-259 
of  ammonium.  579 
of  calcium,  579 

preparation  and  use  of,  579 
of  copper.  125,  578,  579 
of  gold,  580 

and  potassium  bath,  193 

of    the    manufacturers,   small 

amount  of  gold  in,  194 
preparation  and  uses  of,  580 
of  potassium,  680,  581 

commercial,    composition    of, 

288 
for  cold  gilding  bath.  192 
preparation  of  Prussian  blue 

with,  581 
preparation,  quality,  and  uses 
of,  680,  581 


Cyanide  of  potassium — 

treatment  of  salts  of  gold  with, 

194 
use  of,  125 
pf  silver,  577,  578 

characteristics  of,  577,  578 
preparing,  289 
of  zinc,  582 

uses,  characteristics,  and  pro- 
duction of,  582 
plating  solutions,  management  of, 
310-318 
solutions,    precautions    to    be 
taken  in  making;,  352 
preparing  with  tlie  aid  of 
the  electrical   current, 
353,  354 
preparation  of,  478 
Cyanides  and  ferrocyanides  in  gilding, 
194 
poisoning  by,  012 
solutions  of,  action  of,  at  different 
temperatures,  198 
Cyanogen,  poisoning  by,  012 

Daguerreotypes,  galvanoplnstic   copies 

of,  451 
Daniell's  battery,  70-77 

constitution  and  electro-motive 

force  of,  83 
modifications  of,  72-77 
Darcet's  alloy,  formula)  for,  407 
amalgam,  589 
fusible  alloys,  555 
gilding  forge,  240 
Davis,  Daniel,  early  electrotype  plates 

made  by,  21 
Davy,  Sir  Humphrey,  early  experiments 
of,  with  the  galvanic  current  for  the 
dissouiatiou  of  chemical  compounds, 
17 
Dead  and  bright  lustre,  gilding  242,  248 
dipping  acid,  mixture  for,  38,  39 
j  gilding,  237,  239 

I  by   galvanoplastic   deposit, 

448-450 
I  solutions.  218,  219 

j  zinc,  244-251 

1  lustre  for  jewelry,  009 

(hard),  for  clocks,  010 
hot  bath  for,  39 
on  objects  gilded  by  fire,  507 
on  zinc,  08 

on  zinc,  removing,  03,  f)4 
(soft)  for  smooth  surfaces  and 
figures,  610 
platinizing,  300 
silver,  845 
De  la  Kue,  discovery  of,  on  the  depoH- 
tion  of  copper  by  the  battery,  18 
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bf!   U   Salzede's   process   for   electro- 

hnssing.  Ml! 
Depoli-htiig    lelnsii    with     hytlrnfluoric 
aci  I.  :»V* 
Titreous  !*uf>!-tnnce  with  hj«Jrp- 
floor ic  aci'l,  54t.» 
Deposite*!  n'tiver.  methoil';  fora^certaiu- 

ing  the  weicht  of,  y»]'--''/2'2 
bepositiii;;  a  »\ven  weight  fOilv.  r.  with 
the  machine,  ari'l  with  the  hur- 
tery.  coinfturifon.  l"-i 
lDetMi<^  hy  the  wet  wsit.  l!0 
8uluti>>u  for  electroty ping.  4b8 
▼at,  circular,  4:J7,  4.J>S 
▼at,  41»''»,  ♦i04 
Deposition  of  copper,  114-180 

of  copper    hv   bimple    immersion. 
114-11»r 
of  metals  hy  simple  immerbiou 
iin<J  by  electricity,  |  henouienu 
of.  24 
Deposits,  electro,  for  non-metallic  suli- 
stBUcev,  4'j2 
mode  by  the  Urubii  mnchiue,  Km'.. 

107 
upon  mctalf,  galTanophiM.ic,  447. 
448 
De  Ruoltz,  early  patent  of,  for  electro- 
depo>ition  of  platinum,  copper. 
le«.|,  et<;..  20.  'Jl 
early  patent  of,  for  electro-jrlMing 
an'l  hilvering  by  nieari"!!  of  >o\u 
tioiis  ot  lilt'  (loiible  cyuiii.U.s  :ii.ii 
fi'rro-''y;»iii'ie>,  I'M 
DesiWeriiijr     j^iluti  ;ii-.     utilizntion    of 

i-pent,  W'.f 
Di«pl.ra^Mn^.  110,  411.  4  I  J.  'WM,  »;<';"> 
I>ictioijary  of  Klcctrieitv   <|ij.,i«.'.|,    \\i\^ 

Wo 
Dipping,  li^,  ol 

in  nitrate  of  mercury,  4<'_n 
in  obi  aijua  forti-*.  :;i,  :'/J 
in  strong:  aqua  forti^,  '4J-">  I 
sheet-iron  in  tiie  galvauiz  ng  b;i!b. 

0-J7.  .j-JH 
smfill  articles,  33 
Dif<pofciti«;u  <;f  pieces  in   the  batli,  44">, 

440 
DissolvinK    >ilver   from   .^ilver  articles, 

Double  cyan'wle  of  gold  and  potay>iuni 

bath,  li»;; 
Dross,  an  alloy  of  zinc  and  iron  in  the 
galvanizing  bath,  oiO,  040 
formed  in  galvanizing  iron,  treat- 
ment of,  530 
in  galvanizing,  529,  530 
in  galvanizing  iron  to  facilitate  its 
removal,  530 


Dross — 

in  gnWaDiiing  iron  to  prevent  the 

adhesion   of,  to  the   bottom  of 

the  pot,  530 

toss  from,  in  g«Wanixiog  iron.  5S0 

Dros:>ing  in  galvanizing,  521*.  530 

Dudley,  Dr.  W.  L..  process  of.  for  tlie 

deposition  of  iridium,  3^3,  364 
Duration  of  the  galvanoplastic  open- 

tion,  503.  504 
L>utertre*s  process  of  brigbt  gilding,  179 
Dynamic  electricity.  23 
Dynamo-electric      machine.      Amoaz- 
Hochhaosen,  109.  llu 
machine,  economy  of,  in  plat- 
ing. 113 
machine  for  metnllurpc  pur- 
poses, necessity  for  tests  of 
efficiency,  113 
machine,  importance  of  in  the 
development  of  the  nickel- 
plating  industry,  30*3,  367, 
375 
machine,    M.    Gramme's    im* 

provement  in,  98 
machine,    necessity    for    tests 
of,  for  electro-metallurgical 
procesbes,  1 1 3 
machine,  practically  tb<>   sole 
source   of   electric    current 
in  electro-plating,  113 
reversal  of  polarity  in,  'Jl 
machine,  the  Brush,  104,  r.>7 
machine,  the  Mather.  Ill,  112 
the  reaction  principle  in, 
07 
machine,  the  Weston,  107-100 
machine,  the  Wilde,  9r>-l»7 
machine,     time    required    for 

coating  silver  with,  o(»2 
machines,  '.*o'-n3 
nia<rhiije3      and    the    battery, 
comparison   of    work    done, 
by,  l(»:^ 
machine.s,  comparative  merits 

of,  113 
machines,  great  importance  of 

in  electrometallnigy,  22 
machine^,  importance    of,    to 
electro-plating  and  electro- 
typing,  0;i,  94 
machines,  results  of  compara- 
tive experiments  with,  102, 
103 
machines,  simplification  of,  97 
machines,  two  classes  of.  95 
with  alternating  currents, 

95 
direct  current,  95 
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Early  experiments  on  gold  and  silver 

depoijits,  2U 
Ebernieyer's  bath  for  gilding,  195 

experiments  to  ascertnin  from  loss 

of    weight    of    gold  anode   the 

quantity    of    gold    precipitated 

upon  the  cathode,  195,  liMj 

Eccentric  for  giving  motion  to  articles 

in  the  silvering  bath,  '>iO\ 
Electrical   current  when  generated  in 

the  battery,  80 
Electric     connection     gripper,     Hoe's, 
48(5 
current,  how  produced  without  tRe 

battery,   18U,  190 
disturbance,  what  dependent  upon, 

08 
fluitl,  imparting  the  power  of  con- 
ducting, to  substances  which  do 
not  possess  it,  4-33 
machines,  93-1 13 
Electricity,  dynamic,  li3 
static,  23 

two  modifications  of,  23 
Electro-brassing,  130-149 
-chemistry,  2r) 

-deposition  of  copper,  110-.!  30 
-deposits,    a    species  of   network, 

190 
-metallurgy.  25 

historical   facts  regarding  it, 

17-22 
proper,  25 
-motive  force,  08 

force    of     various    batteries, 
table  of,  83 
-plating,  25 

perfcjrmances    of    the   Brush 
machine  in,  l(n*,  107 
-silvering  baths,  sm.ill,  290 
-Stannous  Co..  liirmingliani,  155 
-tinning,  154-158 
Electrolysis,  the  refining  and  extraction 

of  metals  by,  020 
Electrolyte,  09 

Klectrolyzed    silvering   baths,     advan- 
tages of,  303 
Electrolyzing  with  a  bra^^s  anode,  144 
Electrotype,     cylindrical     glass      vase 
called,  438 
process,  paper  of  T.  Spencer  on, 

19.  20 
shell,  4H9-492 

of  copper,  time  necessary  for 

obtaining,  489 
tinning  the  back  of,  490 
Electrotypes,  finishing,  492,  495' 
Eleetrotyping,  25,  470-190 
depositing  room  for,  477 
establishmeDt,  arrangement  of,  477 
41 


Eleetrotyping — 

importance  of,  476-196 

location    of   depositing    vats    for, 

477 
moulding  for,  479-481 
process,  478 
solution,  488 
Klkinton  &  Co.,  Wilde  mncliine  used  at 

the  smelting  works  of,  97 
Klkinton  bath  for  gilding,  219 
KIkinton's  solution  for  simple  immer- 
sion gil  ling.  18J 
Eisner's  bronzing  solution,  147 

directions  for  a  brownish  tint  for 

plateil  goods,  343 
electro-tinning  bath,  157 
formula   for   immersion   silvering, 

280 
gilding  solution,  217 
practice  for  the  electro-deposition 

of  copper,  128,  129 
recommendation   for   zinc    coating 
for  cast-iron  objects,  39(>,  397 
Kngl  intl,  nickel-plating  in,  309 
Etching,  galvanic,  509-511 
Kvaporating  <lishes,  001,  002 
Extraction   and  refining  of   metals  by 
electrolysis,  020 

Fearn's  patented  solution  for   electro- 
tinning,  155.  150 
Ferrini,  table  of  the  electro-motive  force 

of  batteries,  after,  83 
Ferrocyanide  in  gilding,  194 
of  gold  bath,  194 
of  potassium,  preparation  and  use 

of.  581.  582 
of  potassium,  581,  582 
Ferrous  sulphate,  589,  590 
Filters,  i^i)'),  00(i 
Finishing  electrotypes,  492-495 

the  articles,  505,  50»i 
Fire  and  alkalies,  clean.-ing  by,  27,  28 

-gilding.  239-242 
Fizeau's  gilding  solution,  220 
Flasks.  599 
Fleitm.iiin,  Dr.,  refining  process  of,  for 

nickel  305,  3<w; 
Fleitmann's   success    in    welding  shee 
nickel    upon   iron    and    steel    plates, 
30ti,  307 
Flower's  History  of  Tin,  quoted,  518 
Fountains,  monumental,  production  of 

by  galvanoplasty,  458 
France,  nickel-plating  in,  308,  309 
Friction,  gilding  by.  185-1^7 
Frosted  silver,  gilding,  238 
Fulminate  of  gold,  194 

bath  with.  191-193 
highly  explosive,  192 
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KiiMi'M'o,   <7lliMlrirfil.   for    coloring    in  German-silTer,  208,  267,  2.)8 

Kil'liiiK.  17:.'.  17:!  a  bath  to  deposit,  145 

fur  Ki''""K  li'*i'  win*.  'j:!l-'j:M  cleansing  And  plating,  205 

giM.  fi»r  IiihimthIoii  gil<lin(f,  170  copper,  and  briss,   Koseleufs 

K»mll»l»'  •illu.v,  iMihi*  «if.  ill  giilviiiiopiu8lic  method  for  electroplaliog, 

o|n«ruiHiiiH.  M\H  ,                      3I.')-318 

ii1Im^\h.  ninitiiiiiii^  iiieriMiry,  M'S  |                   dipping-baths  for,  41,  42 

»»l"  hauM'i,  A.I.')  gilding  by  simple  immersion, 

nii'liil.  huiiM't'H  rnnnulji*  for,  4«»7  "  182 

iiiiiuMiiiK  wifli,   lur.   HiH  (lilded  work,  recoloring,  254,  250 

iim«(uIm,  I  III*  iiuMIkmIh  bf*  (Miiploving,  (JiMer'd  wax,  2')5,  010 

H^H                                            '  Gilding,  Hi4,  203 

article}*,   correcting   the   color  of, 

tlaU'Mih*  baltrriivH.  «.*<  •»;?  I'.^'J 

o»>upl<«  oi  ol(MutMit'«.  «'»S  -bath.  Kbermever'?,  195 

twi»    luotaN    forming   a,    M.'?.  for  wrought  and  cast-iron  aod 

ol  I.   .»'-M  steel,  -JlK),  205 

ounonf.  i.'»  for  line,  tin,  lead,  aotirooDT. 

d»«o.'u»p«'*t»on  of  tloublo  :».Ut<,  117  and  alloys.  2lH» 

«'l\'b!»»|i.   ,M>  '    »U  hot.      preparation     of.     2"1, 

t)i%U-«U)»o«i  noo.  .♦-."»  l.'«*2 

o\)<ii*M'c.   citWt  of  Imrerftvi  for  siWer.  br.-uie. c.pper, 

>mi>»oo  .»:  i:u'  ,«»■.  *»'.'4  ar.  J  alloy*.  -(<• 

iv»  *v.r^  i»!\'j^cri:c'*  of.  5-4  -bith*,  Cv'  i  e'ecrrv^.  1>*-IV-  • 

\;^*««)i«M'<    V*    ••.i'.'ufr>*ou    !tt    b:.**.:*::  Gcr***. -\*' 

•     x-    ^  i;:.  e".ec:r>,  g*«*ra*  ■:"b*em- 
,t^^\«■v'•,   «   •.    • --.^  :■  :a*  .'c  i^  I.  1' ' 
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Sliding,  electro ^ 

when    contact    is    established  I 
between  an  electro-negative 
and  an  electro  positive  body 
in  solution  containing  gold,  ' 
189 
fine  wire,  230-236  I 

fire,  2H<J~242  ' 

superior  to  electro-gilding,  1 G4 
forge,  240  | 

formula},  various,  21G-221  , 

green  and  white,  170, 177,  213,  214  ' 
hot,  formulaB   for  baths,  200,  204,  i 
206,  208  I 

immerr^ion,  baths  for,  106,  171 
diluted  bath  for,  181 
the  conditions  which  the  baths  I 
employed    in    should    fulfil,  , 
165  ! 

iron  and   steel   formula   for  bath, 

208  I 

large  articles  by  immersion,  174      | 
old  processes,  164 
on   porcelain,    glass,   and   crystal,  | 
178,  170  I 

pink,  214 
plating  or  coppering  upon  glass  or  | 

porcelain,  220,  221 
preparing  articles  for,  251,  253        , 
red,  241,  242  ! 

silver  by  simple  immersion,   177, 

178  .         .  i 

simple   immersion  with   bicarbon-  \ 
Hte,  179-181  1 

email  articles,  202,  203 
solutions,  the  best,  209 
to  correct  the  too  red  color  of,  179 
watch  movements  and  other  small 

articles.  221-230 
with  a  partly  dead,  partly  bright 
lustre,  242-244  i 

with  the  rag,  186  ' 

cork,  186 
the  brush  or  with  shell  gold, 

188,  189 
the  thumb.  186  | 

zinc,  by  galvanoplastic  processes, 

246-251  I 

"zinc,  dead,  244-251  | 

solution  tor,  183 
Girard's  alloys  of   tin    and   nickel   for 

coating  iron  plates,  520 
Qlncial  or  crystallized  acetic  acid,  241     . 
Qlass  and  other  vitreous  substances,  de-  ' 
polishing  with  hydrofluoric  acid, 
649 
and  porcelain,  coating  with  chloride 

of  platinum,  576 
electro-gilding,  plating,  and   cop 
pering,  220,  221 


Gl,ass — 

gilding  on,  178,  179 
jiirs,  603 
Glassford  and  Napier's  suggestions  on 

the  electro-plating  solution,  354 
Glue,  582,  683 
Glycerine,  650 

Gold  alloyed  for  fire  gilding,  242 
amalgam,  239,  559 

gilding  with,  183-185. 
anode  in  gold  bath,  object  of,  195 
anodes,  use  of,  196,  197 
bath,  color  of,  197 

temperature  of,  effect  of,  on 
the   color    of   the  gold  de- 
posited, 207,  208 
with  fulminate  of  gold,  191- 
193 
baths,  observations  on,  197-199 
treatment    of,     impoverished, 

203 
use  of  hydrocyanic  acid  in,  197 
chloride  of,  advantages  of,  194 

regulating  the  color  of,   167, 
168 
cyanide  of,  580 

depos^it,  pure  yellow  correcting,  196 
electro- deposited  color  of,  253,  254 

plating,  164,  189-221 
false,  of  brass,  133 
granulated,  obtaining,  412 
hydrocy.inate  of,  580 
loss  of,  in  acid  pickle,  185 
lustrous,  on  brass,  617 
modifying  the  shade  of,  203 
or  silver,  galvanoplastic  operations 

with,  506,  508 
perchloriile  of,  treatment  of,  when 

it  has  been  decomposed,  168 
powder,  green,  188 

preparation  of,  188 
proportion  of,  in  electro-gilding  so- 

lutioris,'206,  207 
prussiate  of,  580 

recovery  of,  from  old  cyanide  gild- 
ing baths,  421,  422 
of,  from  old  solutions,  410-412 
I  removing,  from  gilded  articles,259- 

I  '263 

from  silver,  351 
salts  of,  194 
varnish,  58-61 
■  varnishers,  operations  of,  59 

I  Golds,  colored,  176 
Gore,  electro  gilding  baths  of,  206 
'  Gore,  G.,  important  contributions   of, 
I  to  the  art  of  depositing  nickel, 

I  371,  372 

on  bright  silvering  processes,  307, 
308 


644 


INDEX. 


Gore.  G.— 

OD  'clennsinjj^  and    plating  articles 

with  silver,  2''») 
on  Feiirn's  process  of  electro-tin- 

nin^r,  loo 
on  jvililing  iron  and  steel,  antimony. 

lead,  tin,  zinc,  etc.,  208,  200 
on  simple  immer.'«ion  gilding,  182, 

1S3 
on  the  eleotro-dopofiition  of  anti- 
mony, 4o:{,  404 
Gore'n  dead  pildinjr  solution,  218 

directions  for  cleanin):^  articles  of 

copper,  brass,  or  bronze,  154 
Electro- iMrtnllurpy  quoted,  etc.,  09 
formula*  for  simple  immersion  sil- 
vering, 2S8,  284 
for  stopping  off  varnishes,  380 
process  for  electro- brassing,  144 
for  the  deposition  of  copper  on 
zinc,  etc.,  1 2'.»,  130 
recommendation  for  iron  bath,  400 
for  nickel  solution,  384 
Graining  watch  movements,  221-230 
Gramme  and  Drush    machines,  resem- 
blances and  differ- 
ences, 104 
Van  der  Weyde's  com-  ^ 
paris<m     between, 
10.'),  lOG 
and    Wilde    madiines.    results    of 
cenipar.jtivc    experiments    with, 
102.  in:; 
dyn:in»o-elc<-fric  inrichinc,  08-104 
machine,  cnlh-ctms  of  the  currents 
of.  102 
conipuri^on     of    economy    of, 

:»u<l  the  b:Utcry,   lo:! 
present    form    of.   Uty  electro- 
deposition.  100 
sl;l^linL^  *-^^.  •♦'•' 
teri'>ioii  of  the  current  in.  102 
th*'  esj-ential  p:irt>  of,  '.'^ 
use-l     in    the     electro  -  |'l:itin;x 
f^^tMhli-hinent  of  rini-tofit'", 
Paris   KH'-K.M 
weijxht  of.   1(»2 

work  ju'ifwinied  l)\'    :it    differ- 
ent f<[>ee(K.  '.•'.» 
M.,  improvenicnt   in   the  con>^trnc• 
tion  of  the  dynjimo- electric  ma- 
chine. 08 
Graphite,  4^);;,  .'')8(;,  587 

Ceylon,  483 
Green  and  white  gilding,  170,  177,  213, 
214 
bronze,  616 

for  brass,  015,  610 
for  red  lu«*tre,  010 
gilding,  217 


Green — 

gold  preparing,  508 
on  brass,  017 
or  antique  bronze,  533 
vitriol,  689.  590 
Grcnet  battery.  87 

constitution   and    electro-mo- 
tive force  of,  83 
Grove*s  battery,  85-87 

constitution  and  electro-motive 

force  of,  83 
high  cost  of,  87 
Gum  elastic,  570,  571 
G  anther's  electro-gilding  baths,  210,  217 
Gutta-percha,  mixtures  of,  for  mould- 
ing. 475 
moulding  with,  470-476 
moulds,  Lenoir*s,  407-503 
properties  of,  470,  471 

Half-dead  gilding  solution,  218 
Hanson  Bros,  electrotyping  establish- 
ment, 108 
Hanson's  patented  process  for  electro- 
gilding,  plating,  or  coppering   upon 
glass  or  porcelain,  220,  221 
Harness  mountings,  silvering,  277 
Harper's  Illustrated  Dible,  early  electro- 
types made  for.  21 
Hartshorn,  500-502 
Heillier's  process  of  tinning,  102,  103 
lle])ar,  sulphuris.  503 
Hess'.s    plan     for     regulating    brassing 
solutions,  147.  148 
process  fur  tinning  articles  of  zinc. 
Hi;; 
High  relief,  Lenoir's  process  for,  407- 
r.o:}  ' 

speeds  with   dynamo-electric    ma- 
chines, tli^advantnges  of,   \iy\ 
Historical  facts,  17-22 
Hoe's   electric     connection    gripper    in 
electrotyping.  48«.l 
•  machines    for   electrotyping,   470- 
4'.' J 
Hollow  ohjccts.  cleaning,  45,  40 

ware  titming.  157 
Hoop. iron,  jxalvanizing,  529 
Hoin  silver.  571.  572 
Hot  baths,  electro-iril.ling  in,  190-213 
electro-eilding    baths,  general   ob- 
servations on,  21  I,  213 
silvering  by  immersion,  275-278 
Hulot,    Mr,   proposed  mollification    of 

(irove's  battery,  87 
Hydraulic  press  for  electrotyping,  480, 

481 
Hydrochlorate  of  zinc,  577 
Hydrochloriaacid,  546,  547 
preparation  of,  647 
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Hydrocyanate  of  copper,  578,  679 
of  gold,  580 
of  lime,  679 
of  zinc,  582 
Hydrocyanic  acid,  644-540 

in  gilding.  100,  194,  107 
poisoning  by.  012 
preparation  of,  515,  546 

of,  wilh  Hulphnretted  hy- 
drogen and  cyanide  of 
mercury,  545 
vapor  of,  545 
Hydrofluoric  acid,  548-550 

depolisliing  glass  with,  54^ 
vitreous  substances  with, 
540 
preparation  of  548,  549 
Hydrogen-potassium     carbonate,    507, 
508 
potassium  tartrate,  5»)9 
sodium  carboriate,  508 
Hydrometers,  59r)-5'.K» 
Hydroplastic  art.  ol»ject  of,  2*>-25 
Hydrosulphate  of  ammonium,  502 
Hydrosulphuric  acid,  551,  552 

poisoning  by.  (]\'4 
Hygiene  of  the  workshop,  011-()14 

Immersion,  depositing  metals  by,  23 
gilding.  104-lS;^ 

baths  for,  100-171 
simple    deposition   of    copper   by, 
114-110 
Impervious  to  liquids,  rendering  objects, 

455-459 
India-rubber,  570,  571 

mouMing  with,  470 
Instruments  and  apparatus,  505-008 
Iridium  Jinode,  30o 

Dudb.'y's  j)rocess  for  electro-depo- 
sition of.  Ho:i,  ;:oi 
to  maintain  the  f>rnper  strength  of 
the  solution,  oO'J 
Iron  and  steel,  coppering  bef(»re  nickel- 
]»lating,  ;)01 
gibling  bath  for,  208 
thin     coating    with     tin, 

152 
tinning,  15f) 
and  tin.  galvanic  action  of,  524 
and  zinc,  galvanic  action  of,  524 
articles,  first  copper  bath  for,  127 
lead  bath  for,  previous  to  cop- 
pering. 12H 
second  copper  bath  for,    127, 

128 
treatment   of,    in   the   copper 
bath,  127 
of,  in  the  second  copper 
bath,  12fe 
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Iron — 

cast,  cleansing  for  nickel-plating, 

890 
chemically   pure,  in    fine  state  of 

division,  experiments  with,  487, 

48H 
cleansing,  before  galvanizing,  525- 

527 
coating  with  copper,  before  gilding 
and  silvering,  07 
with  zinc,  52:S 
deposition  of,  30^-400 
of  copper  on, 1 14 
depositing     solutions    difficult    to 

manage,  400 
electro-deposition  of  copper  upon, 

127-1  ;;o 

gilding  and  silvering  in  the  United 

States,  practice  of,  07 
gilding  an<i  silvering  without  pre- 
vious coating  with  copper,  07 
or   zinc.    Watt's   formulae  for   the 

deposition  of  copper  on,  129 
permanent  brassing  of,  140 
preparation  of  the  articles  for  cop- 
pering, 127 
sheet,  dipping   in   the  galvanizing 

bath,  527,  528 
solutions  for  deposition,  308-400 
j  sulphate  of  protoxide  of,  5i^9,  590 

I  tinning  baths  for,  by  simple  imoicr- 

!  sioo.  150 

,  wrought   and  cast,  brassing  bath 

;  for.  138 

zinc,  lead,  and  tin.  unsatisfactory 
for  platinizing,  357 
I  Isinglass,  582,  583 

Jacoby  and  Wagner,  discovery  of   the 
use    of    electro-metallurgy    for 
i  plating  and  copying  by,  17,  18 

I'rof.,  the  first  to  apply  the  electro- 
d«'po.>.ition    of  metals    to   useful 
;  purposes.  19 

.Tacoby's  gilding  formula,  220 
•Jars,  glass.  <  03 
i.lewelry.  >cratch-brnshing.  51 
.Jewreinlnttf's  processes  for  platinizing, 

301,  3r,2 
.Jordan,  (-.  J.,  experiments  on  obtain- 
ing oasts  in  copoer,  19 


Keene's  cement,  450 

Kermes.  403 

Kettles  and  boiling  pans,  59'.),  000 

cast     iron,     for     electro-silvering 
baths,  201 
'  Kitchen  utensils,  tinning,  157 
Klein's  study  of  the  electro-deposition 
of  iron,  398.  399,  400 
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Metals,  bronzinjifon,  631,  532 

(lepositing  by  the  wet  way,  23 

formin*;   n   galvanic    couple,    513, 
oil.  523 

refilling,  antl  extrtiction  of,  by  elec- 
trolysis, 02  I 
Mixtures,  008-010 
Moir^^e,  diversification  of,  521 
Moiree-inetullique,  520,  521 
Monumental   fountains,    production    of 

by  galvanoplasity,  458 
Morris   k    Johnson's    electro-brassing  ' 

bath,  144.  145 
Moulding,  401-470  j 

by  sinking.  478,  474 

delicate  objects  with  gutta-percha, 
470 

in  el«»ctrotyping,  470-481 

in  the  stove  or  by  sinking,  473,  474  ; 

of  tlie  pattern,  404,  405  j 

presses  for  electrotyping.  479-481  , 

with  a  counter  moulil,  473 

with  caoutchouc,  47i» 

with  fusible  metal,  407.  408 

with  gelatine,  40?»,  470 

with  gutta-perclui,  470-470 

precautions  to  be  taken, 
474 

with  plaster  of  Paris,  405,  400 

with    stcarine.    wax,    and   marine 
glue,  ir.O.  4r)7 

with  the  press,  472 
Moulds,  jrel  itine.  making,  400,  470 

metallizing  in  ek*ctr<>lyping,  480 

removing  the.  501.505 

wa-iliing  for  electrotyping,  488,  480 
Miiller  in.ichine,  1 13 
Munro's  process  for  coating  lead  with 

tin,  157 
Muriate  of  gold,  573-575 

of  ]>latinum.  575-577 

of  silver.  571,  572 

of  tin,  572.  571) 

of  zinc,  577 
Muriatic  acid,  5ir),  547 

Napier  on  proportion  of  gold  in  gilding 
scdutions,  207 
on  the  effect  of  leinperature  of  the 
bath   on    the    color  of   the   gold 
deposited,  207.  208 
plan  for  making  silversolution  with 
the  battery,  o5;{,  354 
Negative  pole,  08 
Neil  or  neilled  silvering,  :'40-348 
Neillcd  silvering,  obtaining  effect  simi- 
lar to.  348 
Neilliiig  composition,  310,  347 
New  (/ilt'donia,  carbonated  and  oxidized 
uickel  orca  at,  305 


Newton's  alloy  of  copper,  tin,  and  zinc, 
140, 147 
broniing  solution,  140 
electro-brasbing  solution,  146 
Nicholas,   Kmperor  of  Russia  acknowl- 
edgment and  reward  to  Prof.  Jncoby, 
10 
Nickel,  advantages  of,  for  plating,  364, 
305 
anil  aluminium,  alloy  of.  402 
and  ammonia,  double  salts  of,  Un- 
win's  process  for  preparing,  370, 
377 
articles  cannot  be  burnished,  380 
bath,  anode  surface  for,  387 

arrangement  of  the,  387,  388 
precautions  to  be  taken  with, 
384,  380 
cleansing,  for    jlating    with,  389, 

300.  301 
deposition,  rapid,  disadvantages  of, 
387 
the  slower    the   rate   in,    tho 
more  tenacious  the  coating, 
387 
electro-deposition  of,  early  notices 

of,  300-372 
importance  of  the  dynamo-electric 
machine  to  this    industry,  360, 
307,  375 
large  sheets  of  pure  rolled,  300 
ores,  lean,  of  Lancaster  Gap,  Pa., 

305,  3r»»i 
patent  of  Isaac  Adams.  ,)r..  for  an 
improvement  in  the  electro-depo- 
sition of.  372-370 
patents,  372-370  , 

plated  wares,  enumeration  of.  308 
work,  old.  stripping.  302,  303 
plftting.  301-305 

an  American  industry,  304 
an   industry  of  great  magni- 
tude and  importance.  304 
articles  for  poli?hing  the  sur- 
faces of,  3'.>2 
general  observations  on,  384- 

30'» 
in  Kngland,  3»*)',> 
in  France,  307,  3«;« 
rapid  «levelopment  of,  to  what 

attributable,  3K5 
severe  competition  in,  in    tho 

United  States.  305 
solutions,  formulu;    for,   380- 

384 
time  required  for,  302 
universal  application  of.  in  the 

United  States,  307,  3r)8 
with,  by  immersion,  303-305 
pure  and  malleable,  3(>5 
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Nickel— 

peooTery  of,  414,  416 
(•liver  clcnnsing  and  plating,  205 
solution  of  Isaac  Adnnis,  Jr.,  and 
M.  Rofteleur.  J^7'> 
Powell's  patent,  875 
solutions.  :u;H-803 

feeble  conductors  of  electric- 
ity, HH7 
of  IVndleton   and    Potts,  nd- 
▼antitges  in  the  use  of,  38G 
tliin  coating  with,  on  electrotypes 
to  be  printed   with  colored 
inks,  :!'.)4 
sheets  of,  J^GG 
wash,  «t»l 
welding  sheet,  upon  iron  and  steel 

plates,  'MM),  'fU')l 
Weston's  patent  for  the  electro-de- 
position of,  877 
Whnrton's  works  for  rolling,  8G6 
works,  Anieric»n,  Ganuien,  N.  J., 

8Go 
wrought,  in  bars,  rods,  etc.,  3G5 
Nitrate  of  mercury,  50G 
dipping,  40-44 
how  ohtaineii,  SjOHi 
of  potn^siuni,  5'»G,  r)G7 

chJirncti'ristics  of,  067 
of  silver,  r)i»4,  .'»<;() 

ch.'irMcteristics  of,  oi)4,  oljo 
propMrution  of,  r**)') 
tolutitin,     pr<MMpitMtin«;     with 
eyrniitlc  of  pi>t;is,viurii,  :'.'i2 
of  so. Hum   or  p()t:i6i.>iuiij,  jiurifica- 

tioii  of.  ')»)7 
of  the  ^ul>oxi<lo  of  mercury,  40 
Nitre,  oGf,.  .V",7 
Nitric  acid,  ;")4*J.  ol') 

blr.K'hlr.ir,  T)!:: 

purr,   how  oltt:iilUM|,  h^'.] 

three  kiiiiU  of,  :\\ 
Nitro-muriatic  :iri<l.  '>\s 
Nitrous  and  hviK»nitric  acids,  r>4'J 
gas,  :»IL'  * 
vapors.  -'•  I 'J 
Nobili  (ill  nietallo-chromes,  4()G 
Nobili'.-*  riuiis,  4<M) 

Non-utlherctit    jialvanoplnstic    deposits 
upon  metals,    I'A^-i'yl 
-condnvting  suhstauces,  metalliza- 
tion of,  45o-4').j 
substances  to  obtain   galvanic 
deposits    on,    without    pre- 
vious metallization,  4(W< 
-metallic     substances,    electro-de- 
posits upon,  45*J 

Object  of  the  hydroplastic  art,  23-25 
Oil  of  vitriol  ou-i 


Old  siWer  tinge,  to  gire  to  small  aHicles, 
841 
silvering,  840,  841 
silver,  removing,  341 
solutions,  recovery  of  gold  from, 
410-412 
Ormolu.  175,  176 
I  red  and  yellow,  G09 

Ornamenting  plated  surfaces,  3<]0-848 
Oudry,   M.,  large   galvanoplastic  pro- 
ductions of,  457-<15'.) 
process  in  coating  large  arti- 
cles by  galranoplasty,  4r)8, 

Oxidation  by  sulphur,  348 
Oxidized  nickel  ores  of  New  Caledonia, 
365 
silver,  841-344 
Oxidising  influences  of  defective  coat- 
ing of  sine  on  iron,  524 

Pacinotti,  Dr.,  of  Florence,  suggestions 
of,  for  the  improvement  of  the  dy- 
namo-electric ninehine,  MS 
Palladium,  802,  868  * 

and  ammonium,  double  chloride  of, 

868 
coating  with,  302,  368 
does  not  protect  other  motals  as 
well  as  platinum,  808 
Pan,  backing  electrotype.  401 
I  Paris  Mint,  bronzing  at,  5:52 

Patents,  Atiieriean  and  British,  on  the 
1  electro-deposition  of  metals,  0*J1_ 
i  082 

=  I'atina  for  brnnz«»s.  015 
.  Patterns   or   moulds  from  the  original 
ohjocts  taken,  404 
PeiHlleton,    C   fi..  patent    f«>r   an   acid 
solution  of  the  acetate  of  nickel.  878 
Pennsvlvania    Nickid    Works.    Phila.lcl- 
phia,  alloy  of  aluminium   and  nickel 
madf  hv.'lO-J 
^  Pewter,    cleansing    for    nickel-plating, 
;;m»,  ;;'.'() 
Philadelphia       ExhibiJion       of       187C, 

wrought  nickel  at.  8<.'» 
Phoi?phate  of  ammonium.  •''>84 
preparation  of.  '•81 
of  sodium,  characteristics  and  uses, 

r.s4,  .'.s.". 

Phosphorus,  .^iolution  of,  in  bisulphide 
of  carbon.  408 
1  Pickle   for  cleansing:    iron    before  gal- 
I  vanizing,  •yi^i-o-l 

for  cleaning  silver.  40 

freeing  zinc  articles  from  oxide 
before  tinning.  \o^\ 
spent,  in  galvanizing  iron,  disposal 
of,  531 
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Pieces  in  the  bath,  disposition  of,  445, 

446 
Pinchbeck,  656 
Piok  gilding,  214 
Plnnt6*8    method    of   bright   silvering, 

307 
Plant,   large,  for   gaW.-inoplftety,  435- 

439 
Plaster  of  Pnria,  bronzines  on,  534  . 

mouldinc^  with,  465,  460 
Plated  silver,  265,  26r» 

surfaces  ornnnientiug,  340-348 
Plating  bulunce,  Ilo.selfur's  automatic, 
323-334 
solution,  advnntnges  of  preparing, 
with  the  battery,  354 
modification   of,   by  using  the 
oxide,  cnrbonnte,  nitrate,  or 
chloride  of  silver  to  the  cy- 
ani«le  of  potassium,  etc  ,  354 
of  the  Meriden  liritannia  Co., 

of  the  \Vm.   Rogers  Manufac- 
turing Co.,  2'.»7 
with  oxide  of  »\\\vr  to  the  cy- 
anide  of  pota.'«sium    liquid, 
355 
solutions,  cyanide,  manngcment  of, 
310-318 
patent,  356 
Plntinic  chloride,  ITS,  575-577 
Platinizing,  l^r^iW^'A 

by  c(»nt;ict  with  zinc.  o62 
by  simple  immersion,  357,  358 
doa<i,  300 

precautions  to  1)0  observed  in,  3C0 
sheets  of  >ilver,  3»i2 
various  formu'u;  f(»r,  360-364 
Platinum  anode,  1U7 

chloride  of,  575-577 

cr»ating    stoveware    and    porcelain 

with.  400 
de[)oj»ited  color  of,  357 
depo.^its.  iMirnishing.  ^160 
elcctro-depo^itH  of,  ;;5s-:{r.O 
gilding,  by  bimple  immersion,  182 
HM-rivery  of,  415 
removing,  fron»  copper.  3«*»0 
solution  for  copper  and  its  alloys, 

357,  358 
special  dilliculties  in  the  deposition 
of,  362 
Platre  alnne,  45(; 
Plumbago,  commercial,  453,  454 
fine,  5^7 

for  bronzing,  587 
gilded,  587 
gilt,  454 

imparling  electric  conductivity  by. 
686,  587  I 


Plumbngc — 

increasing  the  conducting  power  of, 

454 
in  the  natural  state,  586 
metallization  by,  453-455 
metallized,  which  conducts  electri- 
city  nearly  as  well   as  a  metal 
.  surface.  455 

!  moulds  which    can    be  metallized 

with,  454 
removing  the  impurities  from,  454 
silvered,  454,  455,  587 
testing  the  quality  of,  586 
uses  of,  586,  587 
where  found.  586 
Poisoning  by  acids,  611,  6)2 
by  alkailies,  612 

by  chlorine,   sulphurous  acid,  ni- 
trous and  hyponitric  gases,  til 4 
by    hydrocyanic    (prussic)     acid, 

cyanogen  or  cyanides,  612 
by  hydrosulphuric  acid,  613 
by  lead  salts,  613 
by  mercury  salts,  613 
by  most  metallic  salts,  613 
Polarity,  phenomena  of,  in  the  battery, 

68 
Poles,   the,   how  designated    by  signs, 

69 
Polishing  silver,  46,  47 
Polysulphides  of  calcium,  593 
Porcelain,  ceramic,    and   crystal  ware, 
ornamentation    ol,   by    galvano- 
plasty,  459,  460 
decoration      (►f,      with      metallo- 

chromes,  409 
electro-gilding,    plating,  and   cop- 
pering, 22(»,  221 
gilding  on,  178,  179 
pottery,  glass.  an<l  stoneware,  coat- 
ing  with   chloride  of   platinum, 
576 
vessel  for  silver  bath,  292 
Porous  cells,  604,  605 

in  batteries,  effect  of  excessive 
porosity  of,  81 
Positive  pole,  ti8 

Potash,  white  prussiate  of,  580.  581 
Potassa,  yellow  pru**siate  of,  581,  682 
Potassium  and  sodium,  593 

binoxalate  and   bitartrate  of,  668, 

5t;9 
cyanide  of,  580,  581 
electro-deposition  of,  402 
ferro-cyaiiide  of,  581,  582 
nitrate,  56t),  5»i7 

and  bicarbonate  of,  56t)-568 
sulphide  of,  »i93 
Pot,  galvanizing  for  sheet-iron,  527 
Pot  in,  658 
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*>h  r^i -vfile  ','^  .t-ni'n.  <;7';  of  t.n  fr^ni  tinners'    v&ste.  oil- 

Polt-.%.  J-    II  .   tirse:   l>»lb.  iT*.  ST:*.  5Ji 

r^*!  of    wi«te.    comm«nt§    oa   rirl^os 

-^.  'jti'/&.  r«fn^rk«  on  'i7'*,  in»tri:»I«.  4 J 1.  422 

ff-fct^'iT  TM.i?  -/ft  f  r  lb*  ••'e-rtr^-  onii>'.a,  ••'" 

i:  '  Re  lo^rti'.n  of  </.  J  b4ih«.  410 

P'iW  l*r«,  »i*rli'    :,  4'/'.  4'il  R^Sniif  »ni  ^x!r.aciion  of  meuld  by 

Pjjwt!!.    J..    j/i'*"it    ^'*:lr*-l*pofciling  e'.ec:r  't-:*.  »;-0 

*'/'.<ifior«  '^/f  i.i^k*..  '-Tr  R*3*ci  r.  o-S7 

Pow*!l>    n::ke:-| -ttiDz   -oIutioD,   4i»l,  R^m -TiRf   zo\l    from   gilJel    •rticle*, 

pit^-nt  fwr  nickel  •s'^.utioD,  remirk?    RtD-Jerir.z  obj>ci^  ImperTioaf  to  li<ju;i 

on,  .'iT*  4-'».'-l'»*« 

Prince'-  rii«rti:.  '^/f  Re^. stance  *'>irJ  or  switch,  100 

Prolochlori'J-   «»f   lin.   r>r^p iration  aaJ     Retort*,  'inj 

tih%rnf.**;r'i^\]oM  #,f,  .',7j.  .',7.^  Rfrrersii  of  p/-irilj  in  dynamo- electric 

Prot'f<«u'f*h  4t<*  tff  Ir  >ij.  'o'*.  '»■.♦  •  machine.  ''7 

Pru^^i^ii  h!*i".  pi»*pir.iti  >u  ',(.  o^l  Rerer^iog  hy  i-olirintion  of  the  elee- 

Pru--i  *t«»  of  ftrri»ii'Hii:4.  -'.7'J  ln>le^.  pr»*Tcntinp:,  10'.' 

ofoipj.-r.  't'r,  'j'.'.i  Rerup  In  luotrielle.  qaote-i,  !<» 

of  j£'.l  I,  '/^')  R!ieoph<.re>,  O'li.  r,(y> 

of  lirne.  '*7'»  R::i^in;r  after  'iipp'.ng.  33 

of  zini.  "i^J  of     hrighl    fiilrer-platci    nrticles, 

or  hj'lrorvMnnte  of  -il?«rr.  077,  07^             -lOS 

Prm-jic  uci'l.  't\\-'>\'\  RoHelcur.  cluiai  of.  for  nickel  solution, 

iinlivlrouT.  't\\  '''»~'} 

li>A'  |.r.'p:iri' 1.  '>n  early    success     of     deposition    of 

ill  ,i\\:wz,  I'i'.'.  I'.'l,  V'i'i  nirkel,  :i71 

ill  hi'iin-,  'ill  on   chlwii  !e  of  potass-ium    in    the 

[.   J',...!.'.'  ^;. .  sIJ  h.itli.  l'.«4 

l*yr'f)i;rri<-'<'j-    i-     1.      I".   '.11  on  cvl'l  ♦•Nctro  jiil  ling  >'rith,  \'.*'l 

I*yr'»i.li'»  (.ji  i»-'  <.{  '^',i  1.   I',  t  oti  ;ri.  iiti;r  ^y  fri-'lion,  1^7 

ijf  pof  i-'iMiii.   I'-')  fiiM?  wire.  'l'\\ 

ol  --rliurn,   1'.'..  .>.'i,  .')'»;  wirii  amilgiin.  1S'» 

cli  ii  i<l«-i  i -fic.T    ;.i)  I     n-A"  ^)\,             on    hf*t  eU*clru-gil<iing  baths,  211, 

l'yro[.}io-[.li  if«",  l»:it}i^.  of,  17"^  on   [.lepuring  the  elccfro-silvering 

J.  .tl),  2^:« 

Quirkiii^r    '»:iitiori,   lO-ll,  .'.♦;•;  on  prppnation  of  leaf  silver,  'jr.S 

l»'l.ivi-jr    of    ;ntM;'u'S    in,    :i  on  tin*  he-t  ^iMiii;;  solulinri.  Ii0'.» 
\i'-\  of  the  (h'tinugliMf"**    Ko.'?fl»MM'>  ;un:ilgnn:iiing  ^alt,  80.  587, 
of   .•l.-:»nin^'.   n  SSS 

icvivin;^  of,  11  an'l  I.-matix's  procodure  for  jilatin* 

iziti}^.  :^,.'>S-;^iO 

Rutsliinc,  .',  H  fip|»li<' ition  of  niftallo-chromes  to 
ll«':M-fi'Mi    priiK'ipIo    in    <ljii.iTno-«'li'rtric  the  <l«M;()r  itiori  of  .stoneware  and 

ni;i«liiii'*,  '.'7  por<M'l;iiii,  'J'l'.j 

Ri'itolnriiijr  ;ri|.|<..|  wmK',  'l'i\,  'J'»r,  hath  fui- rlcotro-tinning,  lo4,   ir>.'> 

Kecovrry  .if  coppiT,    I  I'i,    ll'i  huths  for  hot  eleclro-giMiiig,  l\v.»- 
of   gtil'i    from    oM  (!yanido  baths,  •_'(>') 

1-1,  Vl'l  •.lixc.t)V(My  in  platinizing,  8o».> 

from  old  solntion.M,  410-112       \  explanation  of  certain   phenomena 
(.r  nii:U»'l.  11  1,  41.')                               .  in  silvering  by  immersion,    278, 

of  pl:ilinn?n,  415  [  27'i 

of  .silvrr,  irJ-114  1  fornnil-.e  for  bronzing,  531-').34 

lV<»m  old  cyanide  pi  iting  solu- '  for  diluted  bath    for    gilding, 

tions,  422  j  181 
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Ro3eleur*8 — 

mctbo<l    for   silver   plating   bra*-?, 
copper,    aim   German   silver, 

:5 10-8 18 
for  the  recovery  of  gold  from 

old  solutions,  410,  41*2 
for  the  recovery  of  platinum 

and  coppc-r.  415,  41G 
for  the  recovery  of  silver,  412, 

414 
for   the  utilization  of  waste, 
410,  417 
modification    of    Sraee's    battery, 

88-00 
plan  for  obtaining  effocts  similar  to 

neilled  silverinp,  ^^48 
plating  b.ilfince.  82o-3:]4 
.  disposition  of,  -VJB 
koepinp:  in  order,  o^iS,  334 
use  of,  :;2'.) 
process   for  tload  pildinp    by   pal- 
vanoplastic    deposits,     448— 
40 
for    metallizing:   wood,   porce- 
lain, etc  ,  4«;i.  402 
for  the  deposition  of  antimony, 

40:-! 
for  the  production  of  metallo-, 

chromes,   40S,  400 
for  tinning  zinc  by  immersion, 

ir,-j 
of  (5(»ld  silvering  by  immersion, 

*J7H 
recommendation  for  iron  bath, 
400 
Roupe,  500 
Ruoltz  bronzing  solution.  147 

i\r.,    early  !illusit)n  of,   to  electro 
deposition,  M<iO 
Ryhiner's  iron  bath,  400 

Srflieratus,  .')«;7,  r,(]H 

Sal-nmmoniac,  u^e  of,  ft)r  clearing  the 
Burfjice  of  a  galvanizing  bath  from 
oxide,  A'JS 

Salt,  amalgami\tin<r,  143 
of  sorrel.  oCH.  0(J0 

Saltpetre,  '»«u;,  ')in 
natural.  507 

Salts,  »M)pp*'r.  for  electro-deposition,  1 10 

San<l  jet,  use  of,  in  cleansing  hollow- 
ware  previous  to  tinning,  0-!0 

Satin  finish  on  silver,  :!4  ) 

Sawdust  for  drying  gilt  articles,  171 

Saw  table  for  eleetrotypes,  402,  403 

Saxony,  early  practice  of  tinning  in, 
613 

Scheele,  suggestions  of,  on  the  solu- 
bility of  the  cyanides  of  copper,  sil- 
▼er,  and  gold,  20 


Scratch-brufh,  a  test  of  the  quality  of 
the  metallic  deposits,  49 

band, 47 

to  make  a  good,  47,  48 

lathe,  52-54 

wires,  54,  55 
Scratch-brushes,  47-50,  GOG 

circular,  52 

very  small,  49 
brushing,  47-5G 

disks  of  muslin  for,  56 

done  wet,  40 

for  gftlvano-plastic  deposits  of 
gold  and  silver.  50t> 

hand,  disatlvant  iges  of,  51 

importance  of,  47 

in  fire  gilding.  211 

large  objects  of  bronze,  51 

liquids,  50 

small  objects,  51 

tub  for.  50 


j  Screws  in  batterie**,  84 
;  Separate  current  process,  430-432 
Serin    &   Co  's    method  for  electro-de- 
position  of  co{)per   upon  iron,  127, 
:       128 

Shaving    machine,    hand,    for    electro- 
types, 403,  404 
Shell,  copper,  electrotype,  480-402 
Sheet  iron,  dipping  in  the  galvanizing 
;  bath.  527,  528 

galvanize«l,  uses  of,  524 
galvanizing,  225-531 
rolling  aftrr  galvanizing,  528 
tinning,  515-520 
treatment  of,  after   removing 
from  the  galvanizing  bath, 
528 
Siemens'  armature,  100 
I  machine,  1 13 

Silver,  5t)2-504 

accepts  an  adherent  deposit  of  pla- 
tinum, 357 
amount    of,   deposited    ou    plated 
g()o«is,  302 
deposited  on  table  ware  by  the 
Wm.  Hogers  Manufacturing 
Company,  303 
articles,  coppering  before  gilding, 
120.  127 
in    which   iron,  zinc,  etc.  are 
present,  cleaning,  40 
chloride  of,  503,  571,  572 
cleaning,  44-47 

by  the  process  of  the  gold  and 

silversmiths,  45 
with  alkalies,  40 
with    powdere<l    borax,    lime, 
and  charco)d  dust,  45 
cleansing  before  gilding,  203 
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Stfttaary  brass,  656 

Stenm  power,  sninll  amount  required  to 

run  (lynamo-electric-mnchines,  95 
Stearic  ftci(l,5i')0,  551 
Stearine,  550,  651 

wax,  and  marine   glue,  moulding 
with,  4C,n,  4in 
Stearined  objects,  metallization  of,  457 
Steele's  process  for  electro-tinning  zinc, 

iron,  steel,  copper,  and  brass,  15G 
Steel  articles,  cleansing  for  nickel-plat- 
ing, L".)() 
brassing  bath  for,! -^8 
bronze,  5154 
cleansing.  0«»,  ti7 

for  pi  siting,  205 
color  an«l  lustre  of,  on  brass,  with 

chloride  of  platinum,  57G 
coppering,  !•>() 
deposition  of,  808' 
gilding   and    silvering,    without    a 

previous  coating  of  copper,  07 
pickle  for  cleansing.  GU 
polished  gilding,  205 
wire,  depositing  copper  on,  iVlO 
Stein's  formula  for   innnersion   silver- 
ing. 28*) 
Stereotyping,  405,  400 
Stirring  rods.  505.  500 
Stockley,  Ci.  W..  lOt),  107 
Slolba's  process  for  nickel  plating  by 
immersion,  808,  804 
process  of  tinning,  108 
Stoneware  and  porcelain,  decoration  of, 

witii  metallo-chromes,  404 
Stop[»age  of  the  current  in  a  battery, 

causes  of.  80.  81 
Stopping-ott".  888 

varciishes.  227,  228.  280,  287, 
;;;:.w_:mo 
Striking  solution  (d'  the   Meritlen    Bri- 
tannia (^o.,  207 
silver,  of  the  Wm.  Hopers 
Manufac luring    (^o  , 
20().  207 
solutions.  208.  207 
Strijipinji  }:i!ded  articles,  250-208 
li<|uids.  41 

silvered  articles,  818-852 
Subacetate  of  lead,  510 
Sugar  of  lead,  540   ^ 
Sulphate  of  cof.per,  125.  588,  580 

characteristics    and    uses   of, 

588 
cheap  to  be  avoided,  589 
impure,  testing,  5 88 
solution,     decomposition     of, 
without  the  aid  of  the  bat- 
tery, 688 
the  best  preparation  of,  689 


Sulphate — 

(of  protoxide)  of  iron,  689,  690 
(of  protoxide)   of  iron   character- 
istics, preparation  and  uses  of, 
689,  590 
Sulphate  of  zinc,  500 

accumulation  of,  in  the  bat- 
tery, 81 
characteristics   and    uses    of, 
500 
Sulphide  of  ammonium,  502 
Sulphides   of  calcium,  potassium,  and 

sodium,  508 
Sulphite  of  ammonium,  characteristics, 
preparation,  and  use  of,  592 
i  sodium.  591,  592 

characteristics,   and    prepara- 
1  tion  of,  591,  502 

,  Sulphuretted  hydrogen,  651,  652 

poisoning  by,  014 
I  Sulphuric  acid.  558 
I  Sulphurous  acid,  552,  558 
]  obtaining,  552,  558 

;  Sulphur,  use  of,  for  casts,  408 
Sulphydrate  (d  ammonia,  502 
Sulphydric  aci«l,  551,  552 
Surfaces,  ornamenting  plated,  840-348 
Sweepings,  utilization  of,  410,  417 
Switch,  100 

automatic  for  regulating  the  cur- 
rent, 100 
I  or  governor  of  the  Weston  machine, 

I  >08 

Synonymy,  chemical,  585-689 

Tank  for  solutions  of  tin,  158.  159 
Tanks  for  cold  electro-brassing  baths, 
i;5,  18r, 
for  copper  baths,  120—122 
Tannic  acid,  554 

j>reparation  of,  654 
Tannin,  554 
Tarni.»«hing    of  silver  and    ^iIver-plate, 

varnish  to  prevent,  01  r.,  017 
Telegraphic  Journal  quoted,  09 
Telescopic  mirrors,  557 
Temperature  of  the  zinc  bath  for  gal- 
vanizing, 527 
,  Terchloritie  of  gold,  678-575 
Terne  plates,  510 

Testin;;  the  working  condition  of  a  bat- 
tery before  using   80,  8, 
Tetra-chloriilc  of  platinum,  576—577 
Thermometer,  008 
Thick  metallic  deposits,  428 
.  Thin  metallic  deposits,  28 
I  Thompson,  J.  B.,  claims  for  depositing 
I      aluminium  bronzes,  401 
I  Time  required  for  laying  coat  of  aiWer, 
!      302 
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Tin  and  iroo,  gal  rani  c  action  of,  524 
couple,  523,  624 
as  a  coating  on  iron,  518  *  i 

brasiffing  h:ith  fur,  138 
cleRn^illfr,  <>o  j 

for  nickel-plating,  880,  800 
coating  leHil  with,  107 
coppiT  Imth  for,  120 
iron.  zinc,  anil  lead,  unsatisfactory 

for  platinizing,  ^t-'u 
plate  inip<»i-t;j  of,  into  the  United 
S'lites,  ol'i 
in'luHirv,  510 
ni.Mr<?«-.i,  5-JO,  521 
platCH,  qutility  of,  510 

to  impart   greater  durability 

to,  .'>-J0 
UMOS  of,  510 
washing,  517 
protoclil'iiide  of,  572,  573 
recovery  of,  from   tinners'  waste, 

521-VJ3 
salt,  572  573 

thin  coating  copper  and  brass  with, 
152 
iron  and  tin  with,  152 
with,  152 
••whitening"  by,  152 
Tincal,  5tJ0,  570 
Tinners'  wahte.  recovery  of,  from,  621- 

523 
Tinning.  14'»-1  »•.:»>.  r,li?_.Vjn 

articli'S  of  ziiu".  II»'s?;V  process,  1'):* 
bath,  floctro  ,  lot 
Kl -tier's,  l')7 
for  iron.  loO 
in:iint:iiiiiFi^    at     the     proper 

strennth.  1 '»l 
re«:ulMtiiij:,  I'll 
Wiiu'kl.T's.  l.')0 
baths,  el*ctro-,  Fearn's  patent,  ]'>'). 
1  :.c, 

hpent.  1»)2 
by  contact  with  another  metal,  15S_ 

\M 
by  'louble  affinity,  150 
by  exi'hanpe.   150 
by  ininjer>*ion,  512 

!inti<piity  of.  513 
by  simple  inimersion,  150-154 
by  the  g:iivanie  way,  150 
by  the  method  of  contact,  150 
by  the  wet  way,  150 
electro-,  154-158 
Heillier's  process,  1G2,  163 
hollow- ware,  157 
of  sheet  iron,  615-520 
other  metalft  than  zinc  or  iron,  161 
Stolba's  process  of,  163 
the  back  of  the  electrotype  shell,  400  ; 


Tinning — 

Urquhart*8  process,  163 
■    Weil's  process,  162 

zinc  by  simple  immersion,  151 

iron,  copper,  steel  and  brass. 

Steele's  process,  lo^i 
ware    by   simple   immersion, 
153 
Toggle  press,  470.  480 
Tombac,  yellow  and  red,  558 
Trays  fur  tinning  small  objects  in,  100, 

161 
Tribafiic  phosphate  of  sodium.  684.  58o 
Trough'  for   cold    gilding    baths,    11*5, 
106 
wooden,    for  cold  elect ro-silTering 
bath,  208,  200 
TrougliH.  004 

Tub  for  cleaning  by  attrition.  57 
Tumbling  box  for  cleaning  by  attrition, 
58 
cleaning  by.  66-58 

Undercut  patterns,  406.  407 
Ungililing   solutions   bpent,    utilization 

of,  410 
United    States,    large   imports   of    tin 

plates  into,  510 
Unwin,  Mr.,  procesi  of  preparing  the 
double  salts  of  nickel  and  ammonia, 
376,  377 
rrquliarl  on   the   bright  silvering  pro- 
cess, 306,  307 
on  the  priqxkrtiiin'*  of  guM  in  pild- 
inp  solutions.  3(»7 
Trqubai  I's  experiments  with  r»ertrand's 
j»rocess  of  depusitiuu   of  alumi- 
nium, 401 
formulie  for  sim|tl<»  immersion  .sil- 
vering, 2S1,  2^5 
pr<»eess  of  tinning,  ir.3 
I'-eful  notes  :in<l  eomments,  r,n_»;il 
L'lilizntion  of  spent  acids,  417-410 
(►f  wastes,  416,  417 

Van  der  Weyde,  comparison  between  the 
(Jiamnje    atid     llrush    m:ieliine:<    by, 
10.'.,  Km; 
Varnirli,  coating  substances  to  be  me- 
tallized with,  457 
colore«l.  60 
gold.  5S-61 
green  gold,  60 
orange-yellow  and  gold,  60 
re<l  gold,  60 

to  remove  from  articles.  61 
Varnishes,  composition  of,  61 
different  shades  of,  60 
stopping-off,  li27,    228,    236.  237, 
838-340 
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Varnishing  inetnls,  scratch-brushes  for, 
49 
to  prevent  the  tnrnishinp  of  silver 
ftiul  silver  plate,  010,  017 
Vnt,  citculnr,  depositinjr.  437,  438 
depositing,  400,  004 
for  nickel-bath,  arrangement  for, 
iJ87,  888 
Vats  for  electro-silvering  large  pieces, 
317 
woollen,  depositing,  43(),  437  ! 

Verdigris,  540  I 

Vessel  for  stripping  gilded  articles,  262 
Vessel  of  stoneware,  glass,  or  porcelain, 
for  silvering  bath  for  amateurs,  80'.>,  | 
310  ' 

Vienna  Kxposition  of   1873,   American 

wrought  nickel  exhibited  at,  306 
Vinegar,  040.  641 
Vitriol,  oil  of,  653 

Volatile  alkali,  600-502  | 

Voltaic  battery,  generally  discarded  for 
the  dynamo  electric    machine  '• 
in    plating    establishments,  ! 
04 
supplanted  by  the  machine  in  ■ 
electroplating,  113  i 

Vulcanized  rubber,  571 

Wagner  and   Jacoby,  discovery  of  the 
use    of    electro  ■  metallurgy    for 
plating  and  copying,  17,  18 
procedure    for    the    production    of 
metallo-chromes,  407,  408 
Wales,  early  practice  of  tinning  in,  513 
Walker  on  metallo-chromes,  407,  408 
Walters'sprocessof  electro-bassing,  144 
Waste,  utilization  of,  410,  417 
Watch  dials  and  hands,  coloring  of,  by 

metJillo-chromic  processes,  409 
Watch  movements,  gilding,  221-230 

washing  and  scratch-brushing, 
226 
Wax,  gilders',  010 

stearine,  and  marine  glue,  mould- 
ing with,  400,  407 
Waxing  process  for  gilding  with  gold 

amalgam,  184 
Watt  on  the  importance  of  the  dynamo- 
electric   machine    in    the  nickel 
industry,  307 
on  proportions  of  gold  in  gilding 
solutions,  207 
Watt's  directions  for  preparing  silver 
goods  for  gilding,  261-263 
formula  for  gilding  iron  and  steel, 
208 
fur  oxidizing  silver,  846 

simple  immersion  silver- 
ing, 284 


Watt'F— 

hints  on  coating  different  articles 

with  brass,  148,  149 
patent  for  solution  for  coating  iron 

and  steel  with  zinc,  397 
plan  for  keeping  brassing  solutions 
in  proper  working  condition,  148 
process  for  electro-brassing.  143 
recommendation    for   nickel    solu- 
tion, y,^s 
^recommendations  for  the  galvanic 
deposition  of  copper  on  iron  and 
zinc,  129 
Weight  of  deposited  silver,  methods  foi 

ascertaining,  31S-.322 
Weil's  improved    metliod  of  coppering 
by  simple  immersion,  116,  110 
process  for  zincing  copper  articles 
by  immersion,  ^97 
of  tinning,  102 
Weston,  dynamo-electro  machine,  per- 
formances of,  in  flectrotyping, 
108,  109 
machine,  107-109 

switch  or  governor  of,  108 
use  of,  in  clectrotypinp,  108 
for  plating,  108 
Edward,  patent  for  electro-deposi- 
tion of  nickel,  377 
nickel  solution,  380 
Wharton,  Joseph,  development  of  the 
nickel  industry  by,  306,  306 
experiments  by,  with  nickel, 

305 
nickel    produced     by,    1876- 
1882,  3('.5 
White  and  green  gilding,  170,  177,  213, 
214 
copperas,  590 

prussiate  of  potash,  5S0,  581 
vitriol,  590 
Whiteness,  on  galvanized  wjircs,  to  pro- 
duce. 530,  531 
Whitening;  bath,  37,  88 

strengthening  the,  38 
I  by  tin,  152 

composition  of  paste  for,  2()9,  270 
I  silver,  209-271 

!  with  silver,  204 

'  Wilde  and  Gramme  machines,  results  of 
comparative  experiments  with, 
102,  103 
dyuamo-electric  machine,  95-97 
!  efficiency  of,  97 

machine,  comparison  of  the  eco- 
nomy of,  and  the  battery, 
103 
used  in  the  electro-plating 
establishment  of  Christofle, 
Paris,  100-104 
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tjearing.  Presses,  Horology  and  Miscellaneous  Machinery;  and  in- 
cluding: many  movement-*  never  before  published,  and  several  of 
which  have  only  recently  come  into  use.  By  Henry  T.  Brown/ 
I2nn> 51.00 

BUCKMASTER,— The  Elements  of  Mechanical  Physics : 
By  J.   C.    Buckmastkr.       13lustrated    with    numerous   engravings. 
i2mo ,         $1.50 

BULLOCK.— The  American  Cottagrc  Builder  : 

A  Strie-s  of  Designs,  Plans  and  Spccilicalions,  from  5200  to  jl^o^ooo. 
for  Homes  for  the  People;  together  with  Warming,  VcntiJation, 
UriiiuiiKC.  Painting  anrl  Land^^cape  *  rrirdening.  By  Jul  in  Bui.Uk;»;. 
Architect  and  Editor  of  "  The  Rudiments  of  Architecture  and 
Buihitng."  etc.,  ttc.     Illustrated  by  75  LU^ravinjj's.     Svu.  ^i'Sc* 

BULLOCK. — The  Rudiments  of  Architecture  and  Building: 
For  the  use  of  Architects,  Builders,   Drauj^htsmcn,   Machini«iLs,  En^ 
gineers  and  Mechanic*.     Edited  by  John  Bullock,  author  of  ♦^Thc 
American  Cottage  Builder/'   Illustrated  by  250  Engravings.  8vo,  %y%0 
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BURGH.— Practical    Rule^    for    the   Proportions   of     Modens 
Engines  and  Boilers  for  Land  and  Marine  Purposes. 
^y  N    l\  Bi'RtiH,  Engineer.      l2iiio.  ,         »  .  ^         #1*50 

BURKS— Tbe  American  Woolen  Manufacturer: 
A  PrAaical  Treatise  on  ihc  ^taoufacture  of  Woolens,  in  two  | 
pEft  First  gives  fall  and  explicit  instmctions  upon  Cilraftii^^  < 
Drawing,  Cofabi&ing  Weaves,  and  ibe  correct  arrangemjeni  of  We 
Colon  and  Suet  of  Yams  to  produce  any  desired  Cftbric  Ilia 
with  diagrams  of  rarious  weavings,  and  twelve  samples  of  ctockri 
cspltaaiioii  and  practice.  Part  Second  is  fully  siip|>tied  wtUi  ae- 
temM  Tables^  Rules,  Exaiaples  ExplaMtioas,  etc ;  gWes  full  and 
jpmaiaX  infbrnution,  in  detsikfl  orders  ftom  tbe  slock  departoK*!  ta 
tbie  inatbet»  of  tbe  proper  aelectiov  sad  luc  of  tbe  various  gnuks  amA 
itiyict  of  vool*  with  tbe ciiBtxtarc  oC  waste,  oofftoa  and  sbodify;  «ad 
Ibe  F^spr  uppliciiiott  and  ccoaonScal  cse  of  tbe  vanooa  oil^  fUrrn^ 
dfe  staib,  soapa.  bcHtng^  elc  Also,  the  ntoit  apnovcd  oieCbod  far 
OJeaklsiic  aaid  £ttMnalin|r  tbe  Cost  of  Goods,  im  all  W*oot,  Woof 
Waaie  and  Cotton  aadCattciiiWaf|».  With  Exaatplcs  aad  Caknia- 
tkMs  o«  tbe  Circalar  BolioBS  sd  Wlieek,  Ffaaoas,  Dnnoa,  PAllcyf 
and  Gean,  bov  10  speed  dieaft,  etc  Tbe  two  parts  ccunbined  $orm  a 
wbole  wovk  on  tbe  A^encAn  wvf  of  umamk!ctaaw^  aMte  fmnfiMr 
i  mf  yet  iiinnJ.    By  Gsobce  C  Bcmic^    Sm.  .  ^6^59 

of    Ptree   Ttnde   and    Bepolv   PoGiical 


Be  a  BasjusTnt  (Sut  Jcmx  B%KKAati  Btlis,  Jndcr  of  Cmmm 
fievl.  Fttm  tbe  Kub&  Ei^;ibb  Edicson,  as  pifefislied  b^  die 
MwiclXTter  Reciprocity  Asociition.     lanKi.     .  |i^c 

BTMI,— Tli«  Owwplrtff  Pnctical  Btem: 
Or  Plaia^  Aecaiaie  and  TbotOB^  InstractioGs  in  Hk  Ait  of  Brevinf 
Beer«  AK  barter,  iirbianf  ibe  Ftaoes  of  Mi^inf  BaiMinn  Bt^ 
an  tbe  SbmH  Bcees.  sack  as  lUiibeif,  Gingcr-pott^  •^■imMiiPMihiii, 
M«^  Spwoe  Becr»  etc  AdMed  to^e  «e  of  Mfie  Bmw«»  ni 
Br  M.  La  Fattite  Brmif,  M.  D.    Wiib  Wm^ 


Coafvldn#  tbe  I 


Bvmx^  IL  IX 
Dnnakmk  far  I 


I  irtiMiKii  iui 

Br  M.  La  Fat 


^  ftoK  Ibe  Freacb  of  Tk.  Ffatc^  ] 
for  the  Axtnn 
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Polishing,  etc.  By  Oliver  Byrne.  Illustrated  by  185  wood  en- 
gravings*    8vo,         ..,,..».        ^5.00 

BYRNE.— Pockct-Book  for  Railroad  and  Civil  Engineera: 
Containing  New,  Exact  and  Conci>vt  Methods  fur  Ikying  out  Kail  road 
Curves,  Switches,  Frug  Angles  and  Crossings;  the  Staking  out  of 
work  ;  Levelling ;  the  Calculation  of  Cuttings  ;  Embankments  \  Eiirih- 
work,  etc.  By  OLrVEk  Byrne,  iSmo.,  full  bound,  pocket- book 
fnDn  .,...♦*...         ^175 

BYRNE.— The  Practical  Metal- Worker's  Assistant : 

Comprising  Metallurgic  Chemistry;  the  Arts  of  Working  all  Metals 
and  Alloys;  Forging  of  Iron  and  Steel;  Hardening  and  Tempienng; 
Melting  and  Mixing;  Casting  and  Founding;  Works  in  Sheet  Metal; 
the  Processes  Dependent  on  the  Ductility  of  the  Metals;  Soldering; 
anrl  the  most  Improved  Processes  and  Tools  employed  by  Metal- 
Workers,  With  the  Application  of  the  Art  of  Electro  Metallurgy  to 
Manufacturing  Processes;  collected  from  Original  Sources,  and  Irani 
the  workii  of  Hokzapffel,  Bergeron,  Leujiold,  Plumier,  Napu*r, 
Scoflfem,  Clay,  Fairbairn  and  others*  By  Oliver  Byrne,  A  new, 
revised  and  improved  edition,  to  which  is  added  an  Appendix^  cou* 
laining  The  Manufacture  of  Russian  Sheet-Iron.  By  Jf^UN  Percy, 
\L  D.,  F.  R.  Sv  The  Manufacture  of  Malleable  Iron  Castmgs^  and 
Improvements  in  Bessemer  Steel.  By  A,  A.  FesqUET,  Chemist  aiul 
Engineer,  W^iih  over  Six  Hundred  Engravings,  Illustrating  every 
Branch  of  the  Subject.     Svo.      .,.,,,         $700 

BYRNE,— The  Practical  Model  Calculator: 

For  the  Engineer^  Mcchamc»  Maiiiifacturer  of  Engine  Work,  Nava.^ 
Architect,  Miner  and  Millwright.  By  Olivi-.r  Byrne.  8vo.,  nei^rly 
600  pa^'es ^^4,50 

CABINET  MAKER'S  ALBUM  OF  FURNITURE; 

Compri.sing  a  Collection  of  Designs  for  various  Styles  of  Furniture. 
Illustrated  by  Forty -eight  Large  and  Beautifully  Engraved  Plates, 
f^blong,  8vo $3.50 

CALLINGHAM. — Sign  Writing  s^nd  Glass  Embossing; 

A  Complete  Practical  Illuslratcd  Manual  of  the  Art.  By  Jamics 
CALLiNf;itAM.     i2mo ?t  50 

CAMPIN.— A  Practical  Treatise  on  Mechanical  Engineering: 
Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Work' 
shop  Machinery,  Mechanical  Manipulation »  Manufacture  of  Steam- 
Engines,  etc  With  an  Appendix  on  the  Analysis  of  Iron  and  Iron 
Ores.  By  Francis  Camfin,  C.  E.  To  which  are  added,  Observations 
oa  the  Construcliion  of  Steam  Boilers,  and  Remarks  upon  Furnaces 
used  for  Smoke  Prevention ;  with  n  Chapter  on  Explosions.  By  R. 
Armstrong,  C.  E.,  and  John  Boc^rne.  Rules  for  Calculating  the 
Change  Wheels  for  Screws  on  a  Turning  Lathe,  and  lor  a  Wh«?el- 
cutting  Machine.  By  J.  La  Nt€CA,  Management  of  Steel,  Includ- 
ing Forging,  Hardening,  Tempering,  Annealing,  Shrinking  and 
Expansim;  and  the  Case-hardening  of  Iron.  By  G.  Ede.  Svo. 
Illustrated  with  twemy-nine  plates  and  100  wood  engravings      #5.00 
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CRISTIANI.— A  Technical  Treatise  on  Soap  and  Candles: 

With  a   ri lance  at  ihe   Industry  of  FaU  atul  Uils<     By  R.  ii.  Cris- 
TtANt,  Cticmist.     Author  uf  •*Vcrfunicry  ond  Kindred  Arts/'     Illus- 
ir.Ucrd  by  I76  engravinj^s.     581  pages,  iivo,         .         .         .         S7>50 
CRISTIANI.— Perfumery  and  Kindred  Arts: 

A  Coniprebensive  Treatise  on  Perfumery,  containing  a  History  of 
Perfumes  from  the  remotest  ages  to  ihc  jvrcscnl  lime.  A  complete 
detailed  rlticription  of  the  various  Malenals  pnd  Apparatus  used  in 
the  Perfumer's  Art,  with  thorough  Practical  Instruction  and  careful 
Formulae,  and  advice  for  the  fabrication  of  all  known  preparations  of 
the  day,  including  Essences,  Tinctures,  Extracts,  Spirits,  Waters, 
VinegarSi  Pomades,  Powders,  Paints^  Oils,  Emulsions,  Cosmetic n, 
Infuiiions,  Pastilles,  Tooth  Powders  and  Washes,  Cachous,  Hair  Dyc^, 
Sachets,  Essential  Oils,  Flavoring  Extracts,  etc. ;  and  full  details  for 
tnakin^j  and  manipulating  Fancy  Toilet  Soaps,  Shaving  Crcam-s  etc., 
by  new  and  improved  method«i.  With  an  Appendix  giving  hints  and 
advice  for  making  and  fermenlmg  Domestic  Wines,  Curdiah,  Liquor*, 
Candies,  Jellies,  Syrups,  Colore,  etc*,  and  for  Perfuming  and  Flavor* 
ing  Scgars,  Snuff  ^nd  Tobacco,  and  Miscellaneous  Receipts  for 
variouii  useful  Analogous  Articles,  By  R.  S.  Cristiam.  Con 
suiting  Chemist  and  Perfumer,  Philadelphia.  8vo.  .  .  1^5.00 
CUPPER.— The  Universal  Stair-Builder: 
I  LJeing  a  new  Treaii^e  on  the  Construction  of  StairCases  and  Hand^ 

B  Rails;   showing   Plans  of  the  various  forms  of  Stairs,  method  of 

■  Placing  the   Risers  in   the   Cylinders,  general  mcthwl  of  describing 

■  the  Face  Moulds  for  a  Hand- Rail,  and  an  expeditious  method  of 
B  Squaring  the  Rail.  Useful  also  to  Stonemasons  constructing  Stone 
^^H  Stairs  and  Hand-RaUs;  with  a  new  method  of  Sawing  the  Twis! 
^^B  Part   of  any  Hand  Rail  square  from  the  face  of  the  plank,  and  to  a 

^K  parallel  width.  Also,  a  new  method  of  forming  the  Easing*  of  the 
Kail  by  a  gauge  ;  preceded  by  some  necessary'  I¥oblems  in  Israel ical 
Geometry,  with  the  Sections  of  Prisniaiic  Solids.  Illustrated  liy  29 
plates.  By  R.  A.  Ccpper,  Architeci,  author  of  "The  Practical 
Stair-Builder's  Guide.**     Third  Ediiitui.     I.arge  4to.  ,         ^2*50 

DAVIDSON,— A  Practical  Manual  of  House  Painting,  Grain- 
ing, Marbling,  and  Sign- Writing: 
ConHming  full  information  on  the  processes  of  Hou»c  Painting  in 
Oil  and  Disteminrr,  the  Formation  of  Letters  and  Practice  of  Sign- 
Writing,  the  Prmciple>  of  Dec(if;itive  Art,  a  Course  of  Element  J  ry 
Drawing  for  Hottse  Painters,  Wriiien.  etc»,  and  a  Collection  of  Useful 
Receipts.  With  nine  colored  illustrations  of  Woodi*  and  Marbles, 
Tind  numeroui*  vvwxl  engravings.     By  ELt.ts  A.  Davidson,     I2mo. 

3^300 

DA  VIES. —A   Treatise  on    Earthy  and   Other   Minerals   and 

Mining  : 

By  D.  L\  Da  VIES,  F,  G*  S.,  Micdng  Engineer,  etc,     IHusiratcd  by 

76  Engravings,     izmo SS^oo 
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DAVVB8. — A  Treftti^e  on  Metalliferous  Minermls  and  Mining: 
Hy  I).  C.  DaVIIW,  Ft  G.  S.,  Mining  Engineer,  Exajniner  o(  Mint^ 
Oiiarrvp%  and  Collieriei*    Illu-Ftrntrd  by  148  cngraWngs  of  Geologictl 
I'linniinonN,    Mining   Opcnitiom   and   Machinery,    drawn    from  th« 
pracUer  uf  ull  furtHiif  Jhc  world*    2d  Edtiian,  lamo,,  ^^o  pages  j^5.00 

OAVIBS.— A  Treatise  on  Slate  and  Slate  Quarrying: 

ScitMiMtii,  rrnciical  and  I'ommcrdal.  By  D.  C.  D\\  lES.  F*  G.  S., 
Minini;  Knt(ificcr,  cli;«  With  numerous  dtustrattons  and  folding 
p).ilr%*     limo J2  50 

DAVIS.— A  Practical  Treatise  on  the  Manufacture  of  BriclES, 
Ttlc«,  Terra -Cotta,  etc* : 

Ii\tlinlm|i  t'uiuiium,  iVcs&cd,  Urnamcntally  Shaped,  and  Enamelled 
Hnck*,  tii;tiii-'rilc<i.  Slmighl  and  Curved  Sewer- Pipes,  Fire-Clays, 
h'lir  Hiickn,  Terra  Co* U,  Roor»ig'TiUs,  Flooring- Tiles,  Ail»Tilc5, 
Mi>Mic  I'hitcs,  and  ImUation  of  Intarsia  or  Inldd  Surfaces;  com- 
t>fUin{*  every  inipi^rtant  I'rodutit  of  Clay  tniployed  in  Architecture* 
rZuuinceriuj«»  Ou*  BUst  Furnace,  fur  Ketoiu,  etc.,  with  a  Histoiy  ^id 
thr  Aciual  l*n»ce«*scs  in  Kandling*  DtMntrgrating,  Tein|.tcriDg,  and 
M.v'^ '■■  ^'' <i---    ,    tv-:..  .    X'* n..    --  «  ^-^.ficially, 

a»u.    ■-,  ,    - ,.--.--  Tittioos 

%4  the  iWiVii  m<ittcni  Machines,  1 .  t 

Jtv  Cmakiks  Thomas  Davis^     H  d 

6  I'Uk-v.     8vu.,  471  pA^s        ....  ^5-oo 

DAVIS.— The  Manufacture  of  Leather: 

IK  of  a\\  of  the  Proce*»c*  f^w  the  Tanning,  ^ixrtyi^, 

an  J  Jther  i  nKhtding  the  Various  R&w  MjUenals  tmi 

'^  -  -T^Dtnf  their  Vthic»i  the  Took,  Madhivcs, 

^iftMMe  eommtocd  with  ■ 

the  Air»  viih  Speciat  Rdi 

which  is  added  a  Ust  of  As 

r<>ckb  a*id  Machiiies  lot  Taw 

c<  ^Yts.    Ittaaccaied  hf  ahovj^ 

O  A  W  t  uu  w  d>  iw  T  —  D  itAKMT*— 
lUwMalMifttt 
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DE  KONINCK— DIETZ.^A  PracUcal  Manual  of  Chetnic^ 
Analysis^  and  Assaying : 
Asap|>lic^l  to  ihe  Maniif.ictuic  of  Iron  from  its  Ores»and  to  Cast  Iron, 
Wrought  Iron,  and  SieeU  as  rnun<l  m  Commerce,  By  L.  L,  Dh 
KoNiNCK,  Dr.  Sc,  and  E.  Diet2»  Engineer  Edited  with  Notes. by 
RoBEJtT  Mallet,  F.  R.  S.,  F,  S.  G.,  M.  I,  C.  E.,  etc,  American 
Eiiitinii,  Eflited  wiih  Notes  and  an  Appendix  on  Iron  Ores,  by  A.  A. 
Ffj^ijiKT.  Chemist  and  Engineer.     i2mo,  ,         ,         .         ^2,50 

DUNCAN.— Practical  Surveyor's  Guide: 

Containing  ihe  nece<»!%ary  in  formal  ion  in  make  any  person  of  com^ 
mon  capacity,  3  finished  land  surveyor  without  the  aid  of  a  teiicher 
Hy  Anprew  Duncan.     Illustraled.     izmn.       .         .         .         5125 

DUPLAIS.^A  Treatise  on  the  Manufacture  and  Distillation 
of  Alcoholic  t^iqiiors : 
Comprising  AccuTate  and  Complete  Details  in  Regard  lo  Alcohol 
from  Wine»  Molasses,  Bect^A^t'^in.  Rice,  Potatoe«i,  Sorghum,  Aspho- 
del, Fruits,  etc. ;  with  the  Distillation  and  Rectificatton  of  Branrly, 
Whiskey,  Rum,  (iin,  Swiss*  Absinthe,  clc.»  the  Prepar.-'tion  of  Aro- 
matic Waters,  Volatile  Oils  or  Essences,  Sugar*,  Synips,  Aromatic 
Tinctures,  Liqueurs,  Cordial  Wines,  Effcr\'cscing  Wines,  etc*,  tke 
Ageing  of  Brandy  and  the  improvement  of  Spirits,  with  Copiou* 
Directions  and  Tables  for  Testing  and  Reducing  Spirituous  Liquors^ 
etc,  etc.  Translated  and  Edited  from  the  French  of  MM.  Dun  Jits, 
Ain^  ct  Jeune.  By  M.  McKenme,  M.  D,  To  which  are  added  the 
United  States  Inlemal  Revenue  Regulations  for  the  Assessment  anrt 
Collection  of  Taxes  on  Distilled  Spirils.  Illustrated  by  fourteen 
folding  platcsand  several  wood  engravings.     745  pp.  8vo,         ^10  CO 

DUSSAUCE.— A  General  Treatise  on  the  Manufacture  of 
Vinegar: 
Theoretical  and  Practical.  Comprising  the  various  Methods,  by  the 
Slow  and  the  Quick  Processes,  wrlh  Alcohol,  Wine,  Griiin,  Malt, 
Cider,  Molasses,  and  Beets;  as  well  as  the  P'abrication  of  Wood 
Vinegar,  etc.,  etc.     By  Prof.  H,  DifssAUCE*     Hvo.  ,         $^  00 

DU5SAUCE.— Practical  Treatise  on  the  Fabrication  of  Matches, 
Gun  Cotton,  and  Fulminating  Powder. 
By  Professor  li    I >i:.ssAtut.      12100.  .  .  .  .         53  00 

DYER  AND  COLOR-MAKERS  COMPANION: 

Containing  upwards  of  two  hundred  Receipts  for  making  Colors,  on 
the  mo?itap|irovcd  principles,  for  all  the  various  style^^and  fabrics  now 
in  existence;  with  the  Scounn,g  Proce^,  and  plain  Directions  for 
Preparing,  Washing-oif,  and  Finishing  the  Goods.      l2mo,         $1   2$ 

EDWARDS.— A  Catechism  of  the  Marine  Steam-Engine, 
For  the  use  of    Engineers,  Firemen,  and   Mechanics.     A   Practical 
Work  for  Vractical  Mm.     By  Emory  Edwards,  Mechanical   Engi-, 
necr.     Illustrated  by  sixty -three  Engravings,  including  examples  ul 
the  most  modern  Engines.     Third  edition,  thoroughly  leviscd,  with 
much  additional  matter.     12  mo.  414  pages        ,         .         .         ^2  00 

EDWARDS. — Modern  American  Locomotive  En^nca, 

llieir  Design,  Cotisi ruction  and  Management.  By  EMuXY  EDWAans. 
Uluatratcd  tamo |a  00 
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EDWARB8.— Modem  Afnerican  Manae  Bas^acSp  I 

Screw  Propellers, 

Iheir   f...    ,     ,,.1   .    .,   «,^,^      Shoving  t^  f^raent  PkacHoe  < 

vhc  md  Mflrukc  Eagiae  ftilMgw  m  Ac 

Unii  ,o  large  sftd  eUbooie  pine*.  410.  If .410 

EDWARDS.--Tbe  Practical  Steam  Mxi^a^t^m  Oitfide 

Inihr  firsii^n.  Construction,  a n^i  Man^eementof  AinciftcanSutkmi8]r*_ 
Portable,  and  SicAin   Fire  fclrij^Ae^^  Slemm   Ihiai|H;,  BnOers.,  llStji 
GmcmoT^,  IndicAioni,  Fijjofi$  and  Rings,  Sftkty  Valines 
Cp«itSe&.     Forihe  nie  tif  Eogificcn,  Firrmen^  aad  Slesa  Usen^ 
Emory  Edw^uids.     innatraied  tjjr  119  engravvv.    4J0 
l»no tt 

ELDER.—CoQveraatioBS  on  the  Piriiicq»a]  Subjects  of  Poli 
Economy. 
Bt  Ut,  NViLUAJi  Eldes..  Svo,  .         .         |^2  59 

ELDER,— Qoestiotts  of  the  Day* 

rcT>eKimtc  sad  Socal,     By  Dr.  Willum  £u>£B.  8vo.     .         $3 

ELDEiL^Memotr  of  Henry  C  Carey* 
,      £t  I>r*  WfixjAX  ELuam.  Pi^  deck.        .        .        ,        . 

BRNL—liiDeialocy  StajilMai- 
Easy  MctLods  of  Iktcnaiaiaf  and  Oiaifying  Mtooals,  tac 
Ofts.  \if  meaBoit  of  tlie  Blowf4pe«  sad  by  Hanid  0»emicaJ  Analj»S 
Ixsyed  oa  fVofcasor  vaa  KoMi*»  Tayas  fcir  the  Deferminattan  of 
Miacfils.  witih  aa  laCrodaclioa  m  Modem  ClKsiistiy.  B>  If  enky 
Eftxi,  A,!!.,  M^.,  BuiiaBorof  dKWliy.  Seoond  Edttion.  rcwrittea, 
ealarged  and  iijjwwcd.  tamo*    (/jt/»«s/.) 

FAIREAIRN.— The  Ptnciplea  of  Moctemsin  and 

QompnkwKg  Ibe   l*taadfles  of  Mtihiaiiw,  WWck,  sad    iNilkts. 
Sirefigdi  awi  Piwywdiaifc  ef  Slwifai^  CoMliag  of  Sha£t&,  ar^l  En 
lac  sad  Dbeacagb^  CSear.    Bv  SlE  wuaJAii  Fautaitmic* 
C   E,     BcaadU^  ilia<liaiwl   by  over  150  vtxid-cats.      la 
voleaic,  i2aK»  .  12,50 

nrCH.— Beaanacr  Steet 
Ores  aad  Meibods,  N>v  Facts  mA  Sugabcs  Relnii^  |o  tlic 
of  MadiiBeiy  la  Use,  tbe  Metbodi  la  Va|;ae«  Coit  sad  Clsi<  ^f  til] 
oqdoyvd.  sad  die  Onacier  s^  A^aiUfaifilf  of  ilie  Orr 
the  MaaiifKtare  of  Bevoaer  Sttxi  ai  EBBope  aad  ia  ibc  U  ^ 
■qpnMfvaii  afsaioas  aad  eacofts  ftsas  tarkit ac<g|aeKi  auuK  m  h  kc&.  ' 
Cnanilrd  aad  aiiM^iil  liy  l^Mvas  W.  Fitch.  Sto.  $^  00 

A  Skdcli  ^  llair  RIr.  F^effKai.  aad  Saceoa.    Talaafale 
»  to  GraHe^  Carves,  VTcigla  of  Rad;.  Loceiaotivea,  Cars,  etc 
Ho^Ksn  FLEUT^ac     Illeitialed,  9«o.      .         .         ,         .         5i 
FORSYTH- Book  of  Castas  fbr  lliadnrwm,   Mural, 

.    By  Jamis  FoasTTA.  Wah  «t  latTodactioti 
,  M,  A.    4  la^  cSodi  ^5  00 
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FRANKEL— HUTTER— A  Practical  Treatise  on  the  Manu- 
facture of  Starch,  Glucose,  Starch- Sug^ar,  and  Dextrine: 
Basefl  on  the  Gtmian  of  LAtirsLAUs  VuN  WALrNfc.R,  IVulcs^sor  in  the 
Royal    Technkal     Jii^h    School.   Bmb-Pt'st,   Hungary,   and    oiher 

La^Jthoiities.     By  JULiirs   Frank kl,  GTaduaie    of   tlu'    Polytechnic 

chout  of  Hanover.     Edited  by  Robert  Hvtter»  Chemist,  Practical 

iM.viiuf^cturer  of  Starch  Su^jar,     JtUistrated  hy  5?*  engravings,  cover- 

lili^T  cvcr>'  branch   of  ihc  subject,   including   examples  of  the  most 

Recent  and  Best  American  Machinery.     Svo.,  344  pp.       ,         $3-SO 

GEE.— The  GoIdsmith*s  Handbcrok: 

Containing  full  inslruction-i  for  the  A Hoying  and  Working  of  Gold ^ 
including  the  Art  of  Alhiying,  Mtdting,  Reducing,  Coloring,  CoU 
lccting»  and  Refinin*^;  the  Processes  of  Manipulation,  Recovery  of 
Waste;  Chemical  and  Phyiiical  Pru|)erties  of  Gold;  with  a  Utw 
System  of  Mixing  its  Alloys;  Solders,  Enamels,  and  other  Useful 
Rules  and  Recipes.     By  George  E.  G£E.     t2mo.    ,         .         $1-75 

GEE.— The  Silversmith's  Handbook  t 

Contaioirig  full  in*>iruciions  for  the  Alloying  and  VV<irkin^  of  Silver, 
including  the  diJTcrenl  modes  of  Refining  and  Meltmg  the  Metal;  it* 
Solders;  the  Preparaiton  of  Imitatiuu  Alliiy*;  MclIukU  of  M.^nipula- 
tion  ;  Prevention  of  Wtiste ;  Instructions  for  Improving  and  Finishmg 
the  Surface  of  the  Work;  together  with  other  Useful  Infunnatinn  and 
Memoranda.     By  George  £.  Gee,  Jeweller.     Illustrated.     i2mo. 

GOTHIC  ALBUM  FOR  CABINET-MAKERS  t 

Dciiipris  for  Gothic  Furniture.    Twenty- three  plates.    Oblong     $l,CO 

GREENV^^OOD.^Steel  and  Iron : 

Comprising  the  iViictice  and  Theory  of  the  Several  Methods  Pur- 
sued in  their  Manufacture,  and  of  their  Treatment  tn  the  Rolling* 
MitU,  the  Forge,  and  the  Fouiiffry.  Bv  Wiijiam  IIknry  Green- 
WOOD,  F.  C.  S.  Assrx  M.  L  C.  E.,  M.  L  M,  E.,  Associate  of  ihc  Roynl 
School  of  Mines.    With  97  Diagrams,  536  pages.    l2mo.   .         $2.0O 

GREGORY.— Mathematics  for  Practical  Mem 

Adapted  lo  the  Pnrsuit**  of  Surveyors,  Architects,  Mechanics,  and 
Civil  Engineers.     By  QjJNTHUS  Gregorv.     8vu.,  plates  .         $%JOO 

GRIER.— Rural  Hydraulics: 

A  Practical  Treatise  an  Rural  Household  "Water  Supply.  Giving  a 
full  description  of  Sprtngs  and  Wells,  of  Pump*  and  Hydraulic  Ram, 
with  Instructions  in  Cistern  Building,  Laying  of  Pipes,  etc.  By  W. 
W^  Grier.     Illustrated  8vc» j^ 

GRIMSHAW.— Modern  Milling: 

Bctng  ihc  ^ui'Stance  of  two  addresses  delivered  by  request,  at  the 

,     Franklin    Institute,  Philadelphia,   lanuary    19th    and   January   27th, 

1881.     By  Robert  Grimshaw,  Ph.  D.     Edited  from  tlie  Phono* 

griphic  Report*.     With  2$  IDusirations.     8vo,  .         .         If. 00 

GRIMSHAW.—Saws: 

The  History,  Development,  Action,  Classification,  and  Comparison 
of  Saws  of  all  kinds.     HWt  Ci>pom  Afpiftiiica,     Giving  the  detatU 
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proof  Substances,  Elaitic  Tissues,  the  Utilifation  of  Waste,  etc.,  etc. 
From  the  German  of  Raimund  Hofper.  By  W,  T.  BRA!H^T. 
Iliustmiefi  l2mo.        ,         , ^2.50 

HO FM ANN.— A  Practkal  Treatise  on  the  Mantifacture  of 
Paper  in  all  its  Branches  : 
By  Carl  HoFMANN,  Late  SuperintencleTH  of  Paper  Milb  in  Germany 
and  Ihe  United  Slates;  recently  Manager  of  the^M'ublic  ledger*' 
Pa j>er  Mills,  near  Elkion,  Maryland.  Illii&tralcd  by  no  wood  en 
pravin^s,  and  five  large  Folding  Plates.  410,,  cloth ;  aijoiil  400 
pa^L'S ,         .       $30.00 

H UGH £S.— American  Miller  and  Mitlwright*8  Assistant: 

By  W 1 1  LI  AM  rAKrrn  tit  i;hks.     |2iiuj 5>  50 

KULME. ^Worked  Examination  Questions  in  Plane  Geomet- 
rical Drawing  : 
For  I  he  Use  of  Candidates  for  ihc  Royal  Military  Academy,  Wool 
wich ;  the  Royal  Military  College,  Sandhui'^l ;  the  Indian  Civd  En- 
irineerint;  (nWvge,  Cooper's  Htlt ;  Iniliiti  Pul»lic  Works  and  Tele- 
Ifraph  Depailmcnts;  Royal  Marine  la^ht  Infantry;  the  Oxford  and 
Cimbridge  Local  Examinaiions,  etc.  By  F.  Edward  IIulmih.  F*  L. 
S.,  K.  S,  A.,  Arl*M aster  Marlborough  College.  lUustrated  by  300 
examples.     Small  (uiarto  ......         $37$ 

JERVIS.— Railroad  Property: 

A  Trcati>e  on  the  C^in^hucljon  and  Management  of  Railways; 
designed  to  afford  useful  knowledge,  in  the  popular  !.lylc»  to  the 
holders  nf  this  cfx^**  of  property  ;  as  well  as  Railway  Manager*,  Offi- 
cers, ami  Agents,  By  John  B.  Jfrvis,  late  Civil  Engineer  of  the 
Hiid?;o]>  River  Railroael,  Croion  A<|ueduct,  etc.    i2mo.,  cloth       $2.oa 

KEENE.— A  Hand-Book  of  Practical  Gauging: 

For  the  Use  of  iWtiinner-,  to  which  i-  .Tided  a  C  haptcr  on  Dislilta 
tion,  describing  the  |>rocesi»  in  opcraliou  at  the  Custom- 1  louse  fnr 
ascertaining  the  Strength  of  Wines.  By  jAMES  B.  Kef.NE,  of  H.  M. 
Custom"*,     8vo.  .         .         .         .         ♦         i         .         .         $1-2$ 

KELLEY,— Speeches,  Addresses,  and  Letters  on  Industrial  and 
Financial  Questions : 
By  MiJV.  WiLlJwi  I)    Ki  I  iF.v,  M.  C,     544  pages»  Svn,  .         fi-oo 

KELLOGG.— A  New  Monetary  System  : 

The  only  means  of  Securing  (he  n"j»j*eciive  Rights  nf  Latx>r  and 
PrO|>erty,  and  of  Proiectmg  the  Public  from  Financial  Rcvuliions. 
By  Edward  Kellogg.  Revised  from  his  work  <>n  *^  Labor  an4 
other  Capital,'*  With  numerous  addition'*  frr»m  his  m''nn<irrifn. 
Edited  by  MARY  Kellogg  Putnam,  Fifth  edition.  To  whic^  is 
added  a  Biographical  Sketch  of  the  Author.    One  volume^  \3mt>. 

Paper  cover ,         ,         ^        fj.O0 

Bvund  in  ciolh  .........  1*50 

KEMLO.— Watch-Repairer*s  Hand-Book: 

lU'ini;  a  Complete  Gui<ie  lo  the  Young  Begmner,  In  Taking  Ap»tft, 
Palling  TogcthtT.  and  Thoroughly  Clcaumi;  the  English  Lever  and 
uther  Foreign  Watches^  and  all  Amcncan  W^jichei.  By  F.  KtML<\ 
Practical  Watchmaker.     With  lllu*.iration*.     unio.  ,        |l»^5 


KENTISH*— A  Treatise  on  a  Box  of  Instruments, 

And  the  SliHe  Rule;  with  the  Theory  of  Tri^ofiomtrry  and  lji^» 
rithms,  including  Practical  Geomeiry,  Surveying,  Measuring  of  Tint* 
W,  Cii^k  ami  Malt  (inuuing^  Ilcighb,  and  Distances,  By  THt)MAs 
KrihtisM.     Irt  unc  voluii»e.      Umo.  »  »         ,  ,  ^1,25 

KERL.— The  Assaycr's  Manual: 

An  Abri  Ij^cd  licausc  on  ilic  [Ancimastic  Examination  of  Ores,  Md 
Furnatv  .md  other  ArUfici:»i  Product,  By  BRiJNt>  Kerl»  l*rofesw)f 
in  ihf*  Royal  School  of  Mines ;  Member  uf  the  Riry-a]  Technicil 
CimunixAkdfi  for  the  Indu^tncs,  find  r.f  ihc  Imperial  PatcnitMfice, 
Berlin.  Transluit-il  from  ihc  German  by  Wti.ttAil  T.  Brahxt, 
Gmdurttt  of  the  R*naJ  Agriculiural  College  of  Eldena,  Pmsna. 
Edited  by  WittJAM  IL  VVaml.  Ph.  D,.  Secretary  of  ihc  FnnUm 
InMilutc,  PhiiAdclphtx     Illustrated  by  ^ixry-fivc  engravings.    S^mk 

KIKOISETT.— The  History,  Products,  and   Processes  ef  tbe 
Alkali  Trade: 
Inrbidinjj  the  niosst  Recent  Improvements*     By  Chahles  Tw»>llA-« 
K I Nc;xKH,  Consulting  ChcmiM     Wnh  2;  illusintions.    8vo.       $1^ 

KINSLEY.—Self- Instructor  on  Lumber  Surveying: 

Fur  the  Use  of  Lumber  Manufacturers,  Surveyors*  and  TcacKwK 
By  Charles  Kinsley,  rratttcal  Surveyor  and  Teadier  of  Surtryinf . 
iimo $2J00 

KIRK.<-The  Founding  of  Metals: 

A  Pmctii^l  Tre-iM-c  0T1  the  Melting  of  Iron,  irith  a  De^criffi'm  ^f  the 
l-\                                      >o,  ot  dl  the  MecaU  snd  Y'  1  o 

11^                                        'iing^     Collected  hmn  Ofj^  f^y 

Y  '.hcaJ  Foandfyman  aad  Q»etin^.  n  ..  ;..]ctl 
1 $2.50 

KM  The    Coaipeiidiqai  ^   Afchii«G€itnl    Sheet- 


A«CV  KirntsfiGi. 
UiKDMM.-AT 

Wl^  Ml   . 


Fmbcaciii^  Rales  and  Directions  for  F~tiTnirc^ 

!^ure«  Tables  of  Bacl;eis»  Mo  > 

-t,  Fr>e»e  FifCG^HC^     AtdlslciJi  ;3- 

1  Ul^amUed  Imw  dc^ etc     I o  «nicD  ti 

irectanl  Sbeet -Mc^  Wofk.  coattaiBinc 

-^.  Md  ether  IfswaM  gfcc<i-!tfetil 

'Setfaial  QecseBCfln^  as  BsBattC* 

L^  Connoe  mmA  dwiauu  Cn«^ 

Wi»do«-C^)%  liesMia^clc^  ss 

l^HkaaadTaAterpfriliWi.    % 

.  >  ,         •         .        ^JOO 

Til 

^ «  ITL^iCJ^css  nsCDCal   woraiaCf 
V  A.  FfsQcn;  CVwiiM  mA  Es 


r  ^loek  iras  <ie  Rep«t  «€ 
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United  Sti^tes  Commissioner  lo  the  JnivcrsaJ  Ejcposition,  Faris,  1867, 

l2mo. 53.00 

LARDEN.— A  School  Course  on  Heat: 

By  W.  Lari>en,  M,  a,     321  [>}>.  i2mo.     .         ,        .         ,         $2,00 

GARDNER.— The  Stcftm-Enginc: 

For  ihc  Use  of  Ikgmricrs.    liv  1>R.  Lardner.    Illustrated.    i2mo. 

75 

LARKIN  — The  Practical  Brass  and  Iron  Founder*s  Guide: 

A  Concise  Treatise  on   lira^>  Fouiifling,  Moulding,  ihe   Mctah  and 

their  Alloys,  etc;  10  which  are  added   Recent  Improvcmenis  in  the 

Man ufacl lire  of  Iron,  Sleel  by  the  Bessemer  Process,  etc.,  etc*     By 

iAMtis  L\RKIN.  blc  Cunductor  of  the  Bras-^  F«jundry  Department  117 
L»fany,  Neahe  ik  Co.'s   Penn  Works,  Fkiladelphia.     Fifth  editiDii, 
revised,  with  extensive  addtlionsi,     l2mo.  ♦         ,         ,         ^2.25 

l,EROUX*— A  Practical  Treatise  on  the  Manufacture  of 
Worsteds  and  Carded  Yarns  : 
CoftipriMng  Practical  Mechanics,  with  Rules  and  Catcutations  itpplied 
to  Siunnuig;  Sorting,  Clejining,  and  Scouring  \Vot>ls;  the  Kngliiih 
and  French  Methods  of  Combing,  Drawing,  and  Spinning  Worsteds, 
an<i  Manufacturing  Carded  Yams.  Translated  from  the  French  vf 
Charles  Leroux,  Mechnmcal  Engineer  and  Superiiuendenl  of  a 
Spinning- Mi  11,  by  Huratiu  Paine,  M.  D.,  and  A.  A.  Pesqii:t, 
Chemist  and  Engineer.  Illustrated  by  twelve  large  Plates.  To  which 
is  added  an  Apfiemlix,  containing  Extracts  from  the  Reports  uf  the 
International  Jury,  and  of  the  Artisans  selected  by  the  Comniiltee 
appointed  by  the  Council  of  the  Society  of  Arts,  London,  on  AV<>nlen 
and  Worsted  Machiner)'  and  Fabricii,  a&  exhibited  in  the  Paris  Uni- 
versal Kxposition,  1867,    Svo.  $5.00 

LEFFEL.— The  Construction  of  Mill-Dams : 

Comprising  aKo  the  Building  of  Race  and  Reservoir  Embankments 
and  Hcad-Gatcf,  (he  Measurement  of  Streams,  Gauging  of  Water 
Supply,  etc.  By  James  Lkffeu  &  Co.  Illustrated  by  58  engravings. 
8vo. J2.50 

LESLIE,— Complete  Cookery: 

Directions  for  Cookery  in  it:*  Various  Branches.  By  Mtss  Leslie. 
Sixtieth  thoasand.  Thomughly  revised,  with  the  addition  of  New 
Receipts.     In  i3mo,,  chtlh $t*S^ 

LI EB ER. — Assay er*8  Guide  : 

Or,  Practical  Direciion^  to  As-saycrs,  Miners,  and  Smelters,  for  the 
Tests  and  AsSiiyb,  by  Heat  and  by  Wet  Processes,  for  ihc  Ores  of  all 
the  principal  Metals,  of  tjold  and  Silver  Coins  and  Alloys,  and  ot 
Cotd,  etc.     By  tJscAR  M.  LiEBER*     l2mo.         ,         .         .         $1.25 

LOVE,— The  Art  of  Dyeing,  Cleaning,  Scouring,  and  Finish- 
ings on  the  Most  Approved  English  and  French  Methods ; 
Being  I'ractical  Insiruciionii  in  Dyeing  Silks,  Woolens,  and  Cotton*, 
Feather!^,  Chips,  Straw,  etc.  Scourmg  and  Cleaning  Bed  and  Win* 
dow  Curtains,  Carjiiets,  Rugs,  elc.  hrench  and  English  Cleaning, 
any  Color  or  Fabric  of  Silk,  Satin,  or  Damask.  By  TttuMAs  Love, 
a  Working  Dyer  and  Scourer.     Second  American  Ediiion,  to  which 
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are  added  General  Instructions  for  tbe  use  of  Aoilitic^  Coloim    Sn> 

343  pa^cs $^a> 

LU KIN.— Amongst  Machines; 

E«»l>r4cmg  Uc>ctij»U*»u^  ot  the  various  MccHat'ical  Appliances  oel 
III  ihe  Manufacture  of  Wood,  Metai,  and  other  SnJi.tTw  ♦•■.      T2ino. 

LUKIN.--Tbe  Boy  Eng^ineers: 

Whai  They  Did,  and  How  They  Did  It,     Wiih  30  pUtes,     tSmo. 

5175 

LU KIN.— The  Younir  Mechanic : 

Pr.ic<<c«»l  Cupentry.  Coiv.iinmg  I)itectiom  for  ihc  U%c  af  all  lunlc 
of  Tools,  and  for  Construct  to  11  of  Steam  Engine*,  and  MechiAicat 
MimIcU,  mcluding  the  An  of  Turning  in  Wood  1  and  McuL  By  }oM\ 
LUKIN>  Author  of  "The  l^thc  .and  lis  U*c&,"  e*c.  Itluilraifil 
tzniK $1.75 

MAIN  and  BROWN.— Questions  on  Subjects  Connected  with 

the  Marine  Steam -Engine; 

And     Exatnmaiion    I'ajicri:    wiih    Hints    for    their   Solntioil.    Bf 

Thomas  J.  Main.  Pro  fester  of  Mathematics,  Roy^t   Ni%iil  College, 

and  Thomas  Hrown,  Chief  Engineer.  R.  N.    i2mo.,  cloth  .        ^1.50 

MAIN  and  BROWN.— The  Indicator  and  Dynamometer: 
With  their  Practical  Applications  to  the  Steam  Engine,      By  T  Holt  as 
J.   Main»   M,  a.  F.  R.,   Ass'l    S.    lr'rofc!i?.ur    Royal    Naval    CoUegr, 
Portsmouth,  .ind  Thomas  Brown,  As^^oc.  Inst.  C,  E.,  Chief  Engineer 
R,  N..  aitnchcd  to  the  R.  N.  College,     Illu'4rated.     8vo.  »         f  1.50 

MAIN  and  BROWN.— The  Marine  Steam -Eng^ine. 

By  ruivMAN  J-  Main,  F.  K,  A>s't  S,  M.iihcnjntical  Profeisor  M  the 
Royal  Naval  Colicjje,  Portsmouth,  and  TmoMAS  Rrown.  Assoc, 
InsL  C-  E.,  Chief  Engineer  R,  N.  Attached  to  ihc  Royal  Naval 
Colltrtrr.     Wiih  numerous  illustrations,     8vo.       .  ,  ,  ^5^^ 

MART  IN. ^Screw-Cutting  Tables,  for  tbe  Uae  of  Mechanical 
Engineers : 
Showing  the  Proper  Arrangemenl  of  W^heels  for  Cutting  the  Thrcsds 
of  Screws  of  any  Re<]uired  Pilch ;  with  a  Table  for  Making  the  Ufti- 
versal  Gas- Pipe  Thread  and  Taps.  By  W.  A.  Martin,  Engineer. 
Iko.  .«••....  ,  so 

MICHELL.— Mine  Drainage: 

Being  n  Complete  and  Practical  Treatise  cm  Direct- A ctifig  U1hk^ 
ground  Steam  Pumping  Macliincry,  With  b  Description  of  a  Iti^ 
number  of  the  be>t  known  Engines*  their  General  Utility  and  the 
Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  ind 
their  Merits  compared  with  tjther  Pumping  Machinery,  by  STitPHi5f 
MtCKELi,.    Illustrated  by  137  engravings,    8vo.,  377  }>iigcs  ,       $6.w 

MOLESWORTH— Pocket- Book    of     Useful     Formulae    and 

Memoranda  for  Civil  and  Mechanical  Engineers. 

By  GuiLFuRiJ  L.  MoLESWORTM,  Member  of  the  In^^tituiton  of  Civtl 

Engineers,  Chief  Resident    Engineer  uf  the  Ceylon  Railway.     Full 

bound  in    Pt>ckel'hook  form       ,-.,-,         ^IjOC 
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MOORE.— The  Universal  Assistant  and  the  Complete  Me- 
chanic ; 
Contaiiung  over  one  million  fmiu 'atrial  Facti^,  CakiiUtionSt  Rcceipti, 
Processes,  Trades  Secrcris,  Rules,  Business  Fornix,  Legal  Itemti,  Elc», 
in  every  occupation,  horn  the  1  louseliold  to  the  Manufaclory,  By 
R.  Moore,      lllu'^lrated  by  500  Engravings.      l2mo,  ,         $2.50 

MORRIS.— Easy  Rules  for  the  Measurement  of  Earthworks: 
liy  means  of  ihe  Prismoklal  Funniila.  lllustraitrcl  with  Numerous 
Wooil'Culs,  FrohkMTi.s,  n.n«l  Examples,  arul  concluded  l>y  an  Exten- 
sive Table  for  finding  the  Solidity  in  cubic  yards  from  Mean  Areas* 
The  whule  being  adapted  fur  conveiuenl  use  by  Engineers,  Surveyors, 
Contractors,  and  others  needing  Correct  Measurements  of  Earthwork. 
By  Et WOOD  Morris,  C.  E.     8vo.     .         .         .         .         ,         $1.50 

MORTON, — The  System  of  Calculating  Diameter,  Circumfer- 

ence^  Area,  and  Squaring^  the  Circle : 

Together  with  Interest  and  NJisccllancous  rabies,  and  other  in^J^na- 

tion.     liy  James    Mortcin,      Second    Edition,  enlarged,  with  the 

Metric  System.      12mo, Sl-OO 

NAPIER.— Manual  of  Electro- Metallurgy: 

Including  the  Application  of  the  Art  to  MiinufactuHng  Processes, 
liy  J\mh:s  Napier.  Fourth  American,  fmni  the  Fourth  London 
cd!hi»n,  revi^^cd  and  enlargerl.      Illustrated  bv  engraving?*.  8vo*  $t,$Q 

NAPIER.— A  System  of  Chemistry  Applied  to  Dyeing. 

By  James  Napier,  I*\  C.  S,  A  Xcw^  and  Thoroughly  Revised  Edj* 
lion.  Completely  brought  up  to  the  present  ttalc  of  the  Science, 
including  the  Chemistry  of  Coal  Tar  Colors,  by  A.  A.  FrsQVrJT, 
Chemist  and  Engineer.  With  an  Appendix  on  Dyeing  and  Calico 
Printing,  as  shown  at  the  Universal  Exposition.  Paris,  J867.  Illas^ 
tr;5te<1,  Svo.  422  pages        .......         #5  00 

NEVILLE  —Hydraulic  Tables,  Coefficients,  and  Formulae,  for 

finding   the  Discharge  of  Water   from   Orifices,  Notches, 

Weirs,  Pipes,  and  Rivera  : 

Tbtrd  Edition,  with  Additions,  consisting  of  New   FormuLe  fi^r  the 

X)ischarge  from  Tidal  and  Flood  Sluices  and  Siphons ;  general  infor- 

imation  on   Rainfal),  Catchment- Basins,  Drainajsrc,  Sewerage,  Water 

'Supply  for  Towns  and  Mill  Power.     By  ToH«  Nevillk.  C.  E.  M  R. 

L  A.;  Fellow  of  the  Royal  Geological  Society  of  Ireland.    TKidc 

HEW^BERY.— Gleanings  from  Ornamental  Art  of  every 
style ; 
I>rawn  from  Examples  in  the  British,  .South  Kensington,  Indian, 
Crystal  Palace,  and  other  Museums*  the  Exhtbitjons  of  1^51  uid 
1862,  and  the  best  English  and  Foreign  work*.  In  a  series  of  100 
cxcjui^itely  drawn  Plates^  containing  many  Kiindred  examples  By 
ROBEBT  NEWBtRY.     4I0.  .  ,  .  .        ft2.^ 

NICHOLLS.  —The  Theoretical  and  Practical  Boiler-Maker  mad 
Engineer's  Reference  Book: 
Containing  a  variety  of  Useful  Information  for  Employer*  of  Ijihrit, 
Foremen  and  Workinji  Boiler- Makcoi.  Iron,  CopjjvT,»nd  Tinsuuih*, 
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Dr  ^  i^enerml  Steatnudii^  Public,  and  for  tin 

I  >  l-isics.     By  SAMUiiX  NicHou^    Ihot' 

tr-i...,  ..,  .........  ,.^..  .,  k. ...,>,  .         .         .         ,         ,         |2.5tt 

NICHOLSON.— A  Munual  of  the  Art  of  Bookbinding : 

CoiitAiiufj^  iiiii  msiiuciion^  in  the  ditTcrcnt  Branches  of  Forward tng;,. 
Giltiin^,  and  Finishing,  Alsu^  the  Art  of  Marbling  Hook -edges  aJiil 
P*pcr.     By  James  B.  Nicnui/»oN,     Ulusiratcd.  i2ino.,  cloth     ^2,^5 

NICOLLS.^The  Railway  Builder; 

A  Hand  Book  for  F^nniating  the  i1-oi>abtc  Cost  of  American  Rail- 
w;jy  ConslniiLtion  and  E'|wipmcut.  By  WllxiAM  J.  NlCOLLS,  ITml 
Engineer.    lllusii.ited,  full  l>3und,  jtockct-book  form  ,  $2-O0 

NORMANDY.--The  Commercial  Handbook  of  Cbemical  As- 
alysis: 
Or  iViiciiciil  Instnictiof»*  for  the  Dctcrminjlion  of  the  InCrbtfic  tf 
Commercial  V&luc  of  Substances  used  in  MjwufaiCtiires,  in  Ti^eSf 
ami  In  the  Arts,  By  A-  Korma^sdy,  New  EditioD,  Enlarged,  and 
to  a  great  ejttcnl  rewriltcn.  By  HdOtY  M.  KojLD,  Ph.D.,  F.RJi., 
thick  l5ino, I5j00 

N ORRIS* — A  Handbook  for  Locomotive   Enf^ineers  and  Ma- 
chinists : 
Com|H>rising  the  Proportion*  and  Calculations  f-^   r,  rvtr.,.  t,  ,,1    t  .^^o- 
mutives;  Manner  of  Setting  Valves;  Tables  <  "  is, 

etc,  etc     By  Septimus  NoRJti&»  M.  E.    Nc  J. 

I2mo ^1,50 

NORTH.~The  Practical  Assayer : 

Containing  Easy  Methods  for  the  Assjiy  nf  ihc  rrincipal  MctaU  and 
ABojrs..  Prindpallj  de&igned  for  c:»plDrcrs  and  iho&c  imcrestcd  in 
Min«.     By  Oliver  North.     Illustrated.     12100.  .        $2,50 

NYSTROM.— A  New  Treatise  on  Elcmems  of  Mechanics: 
Establuhing  Strict  Precision  in  the  Meaning  of  Dynamical  Term*: 
accompanied  with  an  Appendix  on  Duodenal  Arithmetic  and  Mc 
tro!o|:>%     By  John  W,  Ntstrom.  C  E,     Illustrated.     8vo.        $2.00 

HYSTROM.— On  Technological  Education  and  the  Coostnic* 
tion  of  Ships  and  Screw  PropeUers : 
For  Naval  and  Marine   Engineers.     By   John  W.   Nystrom*  bit 
ActxQg  Chief  Engineer,  U.  S.  X-     Second  edition,  revised,  with  addi- 
tional matter.     IUu>trircd  by  ^rven  cngra\ing5.      I2n>u.     ,         #1.90 

O'NEILL.— A  Dictionary  of  Dyeing  and  Calico  Printing; 

C<»ntAining  a  brief  account  of  ail  the  Suhsianccs  and  Tt  ,.,^^^  m 
use  in  the  Art  of  I>yeing  and  Printing  Teaiile  Fabrics  ;  vs  U 

Receipts  and  SdeotiBc  Informaiioa.     By  Cuar  l^s  O'N ;  ly 

tical  Chemisu  To  which  is  added  an  Es»y  on  OnJ  Tar  Ciuur>  ami 
their  appltcatioD  to  Dyeing  and  Calico  Printing.  By  A.  A.  FESQUcn 
t^hemMt  and  Engineer.  With  an  appendix  on  Dyeing  and  Caiic» 
Printing,  as  shown  at  the  t  niveisal  Expootton,  Fims,  1S67.    Svo, 

4Qt  ^^rtS  .  .  I5JOC 

ORTON, — ^Undergiround  Treasures: 

How  and  Where  to  Find  Thctn,  A  Key  for  the  Ready  Delerminatior 
of  all  the  Useful  Minerals  within  the  United  Slates.     By  Ja>I£> 
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Orton,  A.m.,  Late  Professor  of  Natural  History  in  Vassar  College, 
N.  Y.;  Cor.  Mem.  of  the  Academy  of  Natural  Sciences,  Philadelphia, 
and  of  the  Lyceum  of  Natural  History,  New  York ;  author  of  the 
"  Andes  and  the  Amazon,"  etc.  A  New  Edition,  with  Additions. 
Illustrated -     .         .         .         ,         $1.50 

OSBORN.— The  Metallurgy  of  Iron  and  Steel : 

Theoretical  and  Practical  in  all  its  Branches ;  with  special  reference 
to  American  Materials  and  Processes.  By  H.  S.  OsBORN,  LL.  D., 
Professor  of  Mining  and  Metallurgy  in  Lafayette  College,  Easton, 
Pennsylvania.  Illustrated  by  numerous  large  folding  plates  and 
wood-engravings.     8vo. ^25.00 

OVERMAN.— The  Manufacture  of  Steel : 

Containing  the  Practice  and  Principles  of  Working  and  Making  Steel. 
A  Handbook  for  Blacksmiths  and  Workers  in  Steel  and  Iron,  W.igon 
Makers,  Die  Sinkers,  Cutlers,  and  Manufacturers  of  Files  and  Hard- 
ware, of  Steel  and  Iron,  and  for  Men  of  Science  and  Art.  By 
Frederick  Overman,  Mining  Engineer,  Author  of  the  '*  Manu- 
facture of  Iron,"  etc.  A  new,  enlarged,  and  revised  Edition.  By 
A.  A.  Fesquet,  Chemist  and  Engineer.     i2mo.  jSi.50 

OVERMAN.— The  Moulder's  and  Founder's  Pocket  Guide  : 
A  Treatise  on  Moulding  and  Founding  in  Green-sand,  Dry-sand,  Loam, 
and  Cement;  the  Moulding  of  Machine  Frames,  Mill-gear,  Hollow- 
ware.  Ornaments,  Trinkets,  Bells,  and  Statues;  Description  of  Moulds 
for  Iron,  Bronze,  Brass,  and  other  Metals;  Plaster  of  Paris,  Sulphur, 
Wax,  etc. ;  the  Construction  of  Melting  Furnaces,  the  Melting  and 
Founding  of  Metals ;  the  Composition  of  Alloys  and  their  Nature, 
etc.,  etc.  By  Frederick  Overman,  M.  E.  A  new  Edition,  t</ 
which  is  added  a  Supplement  on  Statuary  and  Ornamental  Moulding, 
Ordnance,  Malleable  Iron  Castings,  etc.  By  A.  A.  Fesquet,  Chem- 
ist and  Engineer.     Illustrated  by  44  engravings.     i2mo.    .         $2.00 

PAINTER,  GILDER,  AND  VARNISHER'S  COMPANION : 
Containing  Rules  and  Regulations  in  everything  relating  to  the  A::< 
of  Painting,  Gilding,  Varnishing,  Glass-Staining,  Graining,  Marbling, 
Sign-Writing,  Gilding  on  Glass,  and  Coach  Painting  and  Varnishing; 
Tests  for  the  Detection  of  Adulterations  in  Oils,  Colors,  etc.;  and  a 
Statement  of  the  Diseases  to  which  Painters  are  peculiarly  liable,  with 
the  Simplest  and  Best  Remedies.  Sixteenth  Edition.  Revised,  will, 
an    Appendix.     Containing   Colors  and   Coloring — Theoretical  an(. 

•  Practical.  Comprising  descriptions  of  a  great  variety  of  Additional 
Pigments,  their  Qualities  and  Uses,  to  which  are  added.  Dryers,  an< 
Modes  and  Oper.itions  of  Painting,  etc.  Together  with  Chevrcuin 
Principles  of  Harmony  and  Contrast  of  Colors.   l2nio.     Cloth     3150 

PALLETT.— The  Miller's,  Millwright's,  and  Engineer's  Guide. 
By  Henry  Pallett.     Illustrated.     i2mo.  .         .        Sj.cxi 

PEARSE.—A  Concise  History  of  the  Iron  Manufacture  of  the 
American  Colonies  up  to  the  Revolution,  and  of  Pennsyl- 
vania until  the  present  time. 
By  John  B.  Pearse.     Illustrated  i2mo.  .         .         .         ^2.00 
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[  Ga#  ana  Vntfibrto«>     Widi  Sf»ml   Reljiho* 
I  Coold«8  Irr  Gtt.     I9el««li«g  Scientttt 
IMpf  Eif^i  tWrfiilfi  ••■!  odicn,    Wkh  Illntraeii  DoenoK. 
By  K.  E   Prtlft'n.     t jmo„  rkntfc      .....         f  1.35 
PmnKlHB  AND  STOVrB.—A  Kew  Qt&uSe  fo  Ibe  Sbeet-iroo 
a&4  BoOer  Plate  Rolkr: 
CMtmamimg  a  Swiw  o^  Tabi*»  Uxh*  ntl  pOa 

10  f^mlaoe Benlar  Hales  and  of  ih<  ^idcsc^ 

ttjirt  to  priyltice  Sheet  Iron ;  the  TtiicLuii^^  i>(  iii«;  Hjh  Gut^ 
in  tlmcifnnl^l  iHe  W*i>ht  per  fo*j|»  aitii  iKe  Thick «r*s  oh  the  Raror 
W-     ■:  '    ■  i    ■,     ,'      v^;  ;^ht  per 

ih' '  varioM» 

inin    l*cm(j    V\  i.ong    \N  t 

I  collcaed  b)*  < .  I  is^antl  J   '  .     5:1 

POWRLL^CHANCE— HARRIS.— The    Principlca  of  GUs» 
Making. 
By  riAimv  J.  PowKix,  B.  A.  Toffclhcr  with  Treat !«►««  on  Croim  and 
sdref  (;b*t;   by  (IltNaY  CirANCIt,  M.  A.     Ami   Plftte  Gliii&,  Iw  H 
fi,  llANRrs,  VvHti,  M.  rnKi,  r,  K.     Illummrcil  iHino,  Ji  50 

PROTEAUX,     Practical  Guide  for  the  Manufacture  of  Paper 
and  Uoarda. 
Hy  A    pKnrrAUXt     From  the  French,  by  Horatio  PAtNI^A.  &, 
M-  1>,      To  whicti   U  aihlcil  (he   Marniracttue  of  I*a|ier  front  Wot-wi. 
I»y  Uknky  T.  IIruwn.     Jllustrated  hy  six  plitt's.    Svo,  ^12-^o 

PROCTOR.-'A  Pocket-Book  of  Useful  Tablet  and  Formula 
for  Marine  Engineers. 
By    FtANK    pRtHfnR.      SccomJ    K<1Uion.    Reviwfl    anrl    EnUrgc**. 
Full  ImunU  fxKkct  Ut^U  form  ,         ,  f  I<5i0 

REONAULT,  -Klemema  of  Chemiatry. 

Uy  M.  V.  Kn;\Ai  tr,  IrAnsUtefi  from  the  i-rcnuh  by  T.  Foaaitir 
HrtTi>N»  M.  l>.»  An<t  rtlucO.  w^th  Note*,  by  JamI:^  C  lii^yjH,  \Whew 
uml  Hchifcf  tl  S   '^'r  '   Mt*-^%^   *     y  *'  -sllurgut  aoH 

MbuiH;  I'nijmerf.  ing^-.    Com. 

pn^trtU  HcAih  i,«;t>.  .   .  , .         Sj  50 

RIFFAULT,  VERGNAUD,  and  TOUSSAINT,~A  PimcSkil 
TTtaime  on  the  Manuf-iCiurc  of  Cokirs  for  Painttr.g  : 
OMtij>ii*i»>;  the  Origin*  1  oiKtn  c: 

*|V.*hv.'"i  '■■♦  the  kaw  ^  -  ^'jlf  ai. 
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F,  Malepeyre.  Translalctl  from  ihe  Frencli,  by  A.  A.  FesqUET, 
Chcmiu  and  Enj^mcc?.  Illustrated  by  Highly  engravings.  In  one 
vol.  8vo.,  65Q  pagtri  .......         57-5*^ 

ROPER.— A  Catechism  of  High- Pressure,  or  Non- Condensing 
Stcam-Engincs : 
Including  the  MorlcUing,  Constructing,  and  Munagemctit  of  Stcam- 
Engincs  and  Steam  Boiler*,  With  vaIuaIjIc  illuj^ratiuns.  Uy  Ste* 
ritEN  Ru|>ER,  Engineer*  Sixteenth  edilion^  revised  and  enlarged. 
iSmtK,  tuck>»  gift  e<lgc  J2.00 

ROPER.— Engineer's  Handy-Book: 

Conlaininga  full  Explanntion  of  the  Stcam-Enjfine  Indicator,  and  it* 
Use  and  Advantages  to  Engiticerfi  and  Steam  Users,  With  Formnlie 
for  EMimating  the  Power  of  all  Classes  of  Slewn-Enginci^^  aUo, 
Facfs,  Figures,  Questions,  and  Tables  for  Engineers  who  wish  to 
qualify  themselves  for  the  United  Slates  Navy,  the  Kcvcntic  StTvJce, 
the  Mercantile  Marine,  or  lo  lake  charge  of  the  Betler  Class  of  Su- 
tionary  Sleam-Engines.  Sixth  edition.  ittmo.,  690  pages»  lucks^ 
gilt  ^fJge I3.50 

ROPER,— Hand-Book  of  Land  and  Marine  Engines  : 

Including  ilu-  Modellinjr,  C^nstructmn,  Running,  and  Management 
of  Land  and  Marine  Engine*,  and  Koilers.  With  illustrations.  iJy 
Stephen  Roper,  Engineer.    Sixtli  edition.     i2mo., ticks,  gilt  edge, 

1350 
ROPER.— Hand -Book  of  the  Locomotive  : 

Including  the  Construction  of  Engines  and  fkiilers,  and  the  Construe* 

lion,    Management,    and    Running   of   Locomotives.     By    ST^:int£N 

Roper.     Eleventh  ettition.      iSmo.,  lucks,  gilt  edge  ,  $2>yi 

ROPER,— Hand *Book  of  Modem  Steam  Firc-Engincs* 

With  jjlustrations,  Uy  Stephen  Roper,  Engineer.  Fourth  edition* 
l2mo.,  lucks,  gill  edge        .  .  .  $\  ^O 

ROPER. — Questions  and  Answers  for  Engineers! 

Thi-i  little  book  contain!*  all  the  Questions  that  Engmecrfi  will  be 
ailkcd  when  undergoing  an  Kx.iminaUnn  for  the  purptm:  of  procuring 
Licenses,  and  they  are  so  plain  that  any  Enmnccr  or  " 


5J.00 


,.  ,,^  ^y  **''»Kitiecr  or  Firemm  of  or 

dmary  mtelhgence  may  commit  them  to  memory  in  a  short  lime      Bv 
Stephen  Roper.  Enj^incer.     Third  edition  " 

ROPER.-^Use  and  Abuse  of  the  Steam  Boiler 

liio^'Jil^k^   ^l^l'  ^''^^"''''     ^^'^''^  edition,  with   illustration*, 
lomo.^  lucks^  gill  edge        .  «!» r^i 

ROSE._The  Complete  Practical  Machinist:'        *        ' 

Dr«'?Jrriifn',      Tt''-  ^"'•Work.  nr,lU  and  Drilling.  T.p.  and 
J-!"!.Si"'.'-:"'.??  "";!  ^!!!'I'1""K.  tl"^  Miking  and  Use  of  To..lS:Tf«.l 

•    Hy  Joshua  Rose,  Authur  of  "The 
and  ••  The  Slide  Valve."     Jltu«rnle.l  by 


in6cr<;r^vW?  ^^^'uT     ""•'  "The-SlKle  Valve."     lltu«r»le.l  by 


ROSE.^Mechanical  Drawing  Sclf.Taueht' 

U>mi,n..ng  iT.strucium.  m  the  SHmion  ^^.urP, 
Instruments,  Element..^  t^..''^-''^^''^\' 


Jrumrnt^   V) .         .  ""-    "—"'•«*  *iihi  Prennralion  of  Drawing 

^iruments,  Llemeniary  InsirucUon  in   Practical  Mechanical  Draw- 


HOM.-TlM  Blowplpr  la  <  __ 

I  'ifiulfkifig  ifJ  Kf^  «irii  Metbodt  of  AnMfos  A«»ljiii*  svf  ^ 
Hig  llitiiifiplnv  on«l  iff^nidkiiM  fbr  Utmmti  Affmntm^    Ht  Lmi:* 
rffi/iMKi.  W»  A,  Ito^,  It. 

•MAW.-CM^  ^- 

1*1  »»i^  i  *  o».  Prattiokt  System  of  BctSilf ng,  cea^ 

frtiitlftu  lb«  J  1  ,        of  the  Aft.     Ry  Et»«'Altf«  >'i « ^, 

Archll^it.*  *i  o  which  ti  atlderi  a  ireili»e  on  Gmbic  Archrtec 
lly  TMtJMAii  W.  SiLUiWAV  ami  Gii^oRoi:  M.  Maiumkc,  At, 
Tiir  i¥ltM|r  iltuKtraied  by  >03  quarto  plates  6ndy  et^graved  on  ca);^.&^ 

SrfUNK      A  Practical  Treatise  on  Railway  Curves  and  Loo- 

lion,  for  Young  ICngineera. 
My  Wii  I  lAM  I'.  .SUUNK,  i  ivil  Kuglnccr*    limo.    Full  bound  pocket- 
liiink  (Mrin  .........        ^.<x> 

at^ATRR.    The  Manumt  of  Colors  and  Dye  Wares. 

Hv    I     W    Si.ATi'H,       linui I5.75 

A  >  for   RurAl   BuiMings,     lUusfr^fcd  h| 

\\\  ^         ^^,   with   J)cscFin*ivc   Refcrrncci,     B^ 

S%Mi'iiL  Smmn«  Ar<iiitcct«  authttr  of  the  '*  Model  Atchitcct."  dc. 

mttiMd  Architecture : 

Tiv  IVfi^^x  for  ViiUv,  i*oCtJi^tt«  and  Fapm-hfW^**.  '«fitH 
ruon,  l^nd«C4pe  Gardeotr  :. 

,  ,,  ^ ,  -ft 

-ttuMtr^i  PiekclEei«>ConipaiMc 

k  M  BwiMiia^«  3«annn  in^.  oau  ArvoiH^a^^ . 
^  afe<l  tae^iMloaii  coMwc^  ariidi  tile  sobyect.  Bf 
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SMITH— Parks  and  Pleasure-Grounds : 

Or  Practical  Notes  on  Country  Residences,  Villas,  Public  Parks,  and 
Gardens.  By  Charles  H.  J.  Smith,  Landscape  Gardener  and 
Garden  Architect,  etc.,  etc.     i2mo.  ....         ;^2.cx) 

SMITH.— The  Dyer's  Instructor: 

Comprising  Practical  Instructions  in  the  Art  of  Dyeing  Silk,  Cotton, 
Wool,  and  Worsted,  and  Woolen  Goods ;  containing  nearly  800 
Receipts.  To  which  is  added  a  Treatise  on  the  Art  of  Padding;  and 
the  Printing  of  Silk  Warps,  Skeins,  and  Handkerchiefs,  and  the 
various  Mordants  and  Colors  for  the  different  styles  of  such  work. 
By  David  Smith,  Pattern  Dyer.     i2mo.  .         .         .        $3.00 

SMYTH.— A  Rudimentary  Treatise  on  Coal  and  Coal-Mining. 
By  Warrington  W.  Smyth,  M.  A.,  F.  R.  G.,  President  R.  G.  S. 
of.  Cornwall.  Fifth  edition,  revised  and  corrected.  With  numer- 
ous illustrations.     i2mo.  ......         5i«75 

SNIVELY. — A  Treatise  on  the  Manufacture  of  Perfumes  and 
Kindred  Toilet  Articles. 
By  John  H.  Snivelv,  Phr.  D.,  Professor  of  Analytical  Chemistry  in 
the  Tennessee  College  of  Pharmacy.     8vo.        .  .         $3.00 

SNIVELY.— Tables  for  Systematic  Qualitative  Chemical  Anal- 
ysis. 
By  John  H.  Snively,  Phr.  D.    8vo.        .        .        .        .        jSi.oo 

SNIVELY.— The  Elements  of  Systematic  Qualitative  Chemical 
Analysis : 
A  Hand-book  for  Beginners.    By  John  H.  Snively,  Phr.  D.    i6rao. 

$2.00 

STEWART.— The  American  System  : 

Speeches  on  the  Tariff  Question,  and  on  Internal  Improvements, 
principally  delivered  in  the  House  of  Representatives  of  the  United 
States.  By  Andrew  Stewart,  late  M.  C.  from  Pennsylvania. 
With  a  Portrait,  and  a  Biographical  Sketch.    8vo.       .         .         $3.00 

STOKES.— The  Cabinet- Maker  and  Upholsterer's  Companion  : 
Comprising  the  Art  of  Drawing,  as  applicable  to  Cabinet  Work; 
Veneering,  Inlaying,  and  Buhl- Work;  the  Art  of  Dyeing  and  Stain- 
ing Wood,  Ivory,  Bone,  Tortoise-Shell,  etc.  Directions  for  Lacker- 
ing, Japanning,  and  Varnishing;  to  make  French  Polish,  Glues, 
Cements,  and  Compositions;  with  numerous  Receipts,  useful  to  work- 
men generally.  By  J.  Stokes.  Illustrated.  A  New  Edition,  with 
an  Appendix  upon  French  Polishing,  Staining,  Imitating,  Varnishing, 
etc.,  etc.    i2mo $1.25 

STRENGTH  AND  OTHER  PROPERTIES  OF  METALS: 
RcjMjris  of  Experiments  on  the  Strength  and  other  Proixjriies  of 
Metals  for  Cannon.  With  a  Description  of  the  Machines  for  Testing 
Metals,  and  of  the  Classification  of  Cannon  in  service.  By  Officers 
of  the  Ordnance  Department,  U.  S.  >krmy      By  authority  of  the  Secrc- 

^r^l^'V^^l.    Illusiraied  by  25  large  steel  plates.    Quarto  .       $10.00 

®^^^^^^^'""^'^°**^^*»°>»  ^o  Native  Industry. 
By  Sir  Edward  Sullivan,  Baronet,  author  of  "Ten  Chapters  on 
bocial  Reforms."     8vo.     .  /       .        .        .        .        $1.50 
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TMmum    SHOWIMG     THE     WEIGHT     OP     ROUND. 
•MIABE.  AMD  FIAT  BAR  IRON,  STEEU  BTC. 

iPr  Ml— iiwim.    i-hMh  ci 

T  A  YLOR^-lMtetics  or  COAl ; 

^:fii|^  Ittiftml   BitinsiDoiu  $«i«2tice$  eroploved  in   Ans  tad 
Jijiirtiuii  ■ ;  wMfc  ibcir  G<ogt»pfaicml,  ^  ^  <  .    .    .    ,.  .4  ^ 

ftrtft^wii  aad  AiiiOBat  u^  PiruJiictio 

iKtef».   8f  R.  C  1  1  t-y  ?>♦  b^  Haldi 

MA^,     niiiftisted  I                            1                               ngravings.     8v 
il.fh  .        \  .      ' $10, 

TBMPLETON.— The  Practical  Examinalor  on  Steain  and 
Steam  «Kti  fine: 
With  fri»iruiiive  Rcfercnccii  relaiivc  thereto,  arranged  (or  the  Use  of 
EngjocKo,  Siudcnu,  anti  oilicn.    By  Willmm  Ticmpletox,  En- 
jnncer.     i2mo.         ........        |i 

THAUSINO.— The  Theory  and  Practice  of  the  Preparation 
Mall  and  the  Fabrication  of  Beer: 
With  i'<.fkeri.il  reftTcnc^f   U^  rhc  Vienna  Process  of  PrL^vincr      El; 
orated  frum  ()er*oiifil  citficiicnce  byjruus  K.  Th  ft 

at  the  School  (ot  Hre\%'crs»  ,ind  at  the  Agnculiural  Ii  'M 

Iir4r  Vii'jinsi.     TnuiJil.-tted  from  the  Genu  an  by  WtLLlAll  T,  H*AK> 
1'hi*rou(*hly  and  elahomtrty  edited,  with  mudi  Aii»encan  ciatirr, 
ii{Hnrdrti|«  (it  the  Inlest  And  mo^  ScicnbAc  Pkaaice»  faf  A*  Sotw. 
niid  I>K   A.  H.  BAi'kit.     JUuKtrated  by  140  ryaiin^ft     Biro^ 
n^^K*'^ .         .         ,  ,       #1 

THOMAS.— The  Modem  Ptactkc  of  Pbueoigi<p^; 

Hv  k    \V    l'Ht*\i\s,  K,  C.  S.    ^Wi  ....  75 

THOMPSON.     Political  Scoaomy.    Wilfc  r«pcff 

to  the  Industrtai  Histocy  «f  Nstiaaa: 
Bv  KiiniKT  F    r«io\i)>ixv,  M.  A^  rii(j<^  jiim  rf'jtiuM 
l*iiivc»xitv  »kf   l\  HI  >\  Iv  mijL      ItBa.  .         ♦         .         ,        Jli 

THDM'^^f^N  ^"■■■111  ralii^Mi 
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rcacJ  before  the  Association  of  Engineers,  Grnduate  of  ihe  School  of 
MiiRS,  nf  Liege,  Belgium,  at  the  Meeting  of  1865-6.  To  which  is 
athkd  A  Compahison  ok  the  RtsrsTiNt;  pRorERTutsoF  Iron  and 
Stkku  By  A,  Hruli,,  TrAnslated  fiom  the  French  by  A.  A.  FEi- 
QULT,  CheinjNt  and  Engineer,     Svo.  .  .         .         $t.oo 

VAILE.— Galvanized- Iron  Cornice- Worker's  Manual: 

CunUttjiny  Instructions  in  Laynig  out  the  DilTcrent  Mitres,  an  J 
Making  Patterns  for  all  kinds  of  Plain  and  Circular  Work,  Also* 
Tallies  of  Weights,  Areas  and  Circumferences  of  Circles,  and  other 
M titter  calculated  to  Benefit  the  Trade.  By  CHARLES  A.  Vaiu., 
Illustrated  by  twenty-one  |>latrs.    410*  .  .  ,  .         l»5.0O 

VILLE,— On  Artificial  Manures; 

Their  Chemicnl  Selection  and  Scientific  Af>plicBtiun  to  Agriculture. 
A  scries  nf  Lectures  given  at  the  Experimental  Parm  at  Vinccivuea» 
during  1867  and  1S74-75,  By  M.  Gi':t)RGES  Vjllf.  Transbtcd  and 
Edited  by  VVitxiAM  CRiiwiKEb,  F.  R.  S.  lilustratcd  by  thntyonc 
cngraviniTs.    Svo.,  450  pages      ......         $6,00 

VILLE.— The  School  of  Chemical  Manures  : 

Or,  Elementary  Principles  in  ibe  I'seof  Fcrtilijfing  Agents,  From 
the  French  of  M  Geh.  Ville,  by  A,  A,  FtisgUET,  Chcmift  and  En- 
gineer.    With  II  lust  rat  ions.     i2mo,  .         .         ,         .         $1-2$ 

VOGDES,— The  Architect's  and  Builder*8  Pocket-Companion 
and  Price-Book:  ^ 

Cottiiisting  of  a  Short  but  Comprehensive  Epit<»me  of  Decimally  Duo- 
decimabf  Geometry  and   Mensuration  ;  with  Tables  of  United  State* 
Measures,  Sizes,   Weight^,  Stren^jths,  etc,,  of   Irmi,   Wood,  Stone, 
Brick,  Cement  and  Concretes,  Quantities  of  Materials  in  given  Si?c» 
and  L>imen5ion'i  of  Wood,  Brick  and  Stone;  and   full  and  complete 
Bills  of  Prices*  for  Carpenter's  Work  and    Painting;  aUo,  Rules  for 
Com|rLiting  and  Valuing  Hiick  and  Brick  Work,  Stone  Wtjrk,  Paint- 
ing,  Plastering,   with  a   Vocabulary  of  Technical   Terms,  etc.     By 
Frank  W.  Vogues,  Architect,  Imliana|iolis,  Ind.     Enlarged,  revised, 
and  corrected.     In  one  volume,  36S  pages,  fuU  bound,  |Joekcl  (H>ok 
form,  gilt  edges  .  .  .  .  .  .  .  ,         $2.00 

Cloth         *         .  - 1.50 

WAHL. — Galvanoplastic  Manipulations  : 

A  Practical  Guide  tor  the  Ciold  an*i  Silver  Elcctruplater  ami  the  (»al- 
vannplastic  OjHrralof,  Comprising  the  Electro- Depo-itti on  of  all 
Nbtils  by  means  of  the  Battery  and  the  Dynamo  Kli'clric  Machine, 
as  \selt  as  the  most  approved  I'rocessesi  of  iJcposition  by  Simple  Im- 
mersiun,  with  Descriptions  of  Apparatus,  Chemical  Priutucis  employed 
in  the  Art,  etc.  Based  largely  on  the  '*  Manipulallon<»  flydroplaS' 
ti<iucs"  of  Alfred  Rhselkir.  By  Wii,li\m  1L  Wahi..  Ph,  D, 
(Field},  Secretary  of  the  Franklin  Institute.  ll]u»lrated  by  1S9  en- 
gravings.   Svo.i  656  piit:c>       ......        $7.50 

WALTON.— CoaUMining  Described  and  Illustrated: 

By  Thomas  IL  Walton,  Mining  Kiigineer.  lllusiraled  ly  24  large 
and  elalx>ratc  Plates,  after  Actual  Workings  and  Appamtus      410, 
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WARB^— The  Su^ar  Beet. 

turiiMtiiig  »  History  of  the  Be«t  Sugar  Tnditctry  in  Europe,  Vwictio 

Ot  tile    SoCar    n."      K\.inwn.t,r.t1.   SolU.   'rill:*--..-.    S/^rv.U     ..T..1 

TwMaiKiCo 
ooi^  Feeding  ^ 


-.n,  SoiU,  rill :»--..•  s/rv.u 
Heel  and  n 


WARN.— Tike  Sbeet-McUl  Worker's  Instractor; 

Fc*  /4«c,  Sheet  Iron,  <  o|jj>cr,  ami  Tin  riatc  Workers,  etc.  Contois- 
^n*  .1  Affection  of  GcomeCrical  I*roblcm*  i  also»  lY^jCtioil  *nd  Simp 
kulc*  ftji  lJc*.tnLmig  ihc  various  I'attcrn*  rr^imrcJ  in  the  di^cteiJ 
bfAtLhc  t»f  the  above  Trades,  %  Keublj*  H.  Warn,  I'nunic 
Tm-fa^c  W^ofkcr.  To  which  Is  added  an  Appendix,  containti 
Irijsrri'-*  n>  for  Boiler- Milking,  MensurAtion  of  Surfaces  And  SoUd 
Ru  uuiing  the  Weights  of  fiifferent  Figure*  of  Irun  i 

i^r  I  the  Weight*  of  Iron,  Steel,  etc,     tlJustrated  l>y  ihn 

t^  .  M   !*.>  artil  thirty-seven  Wofjd  Engravings,     Svo,  .         fjoo  ' 

WARNER.— New  Theorems,  Tmbles,  and  Dtagrmms^  for  il>e_ 
OwwpititiOD  of  Earth -work  : 
DtiigiMLd  for  Ihr  u^e  of  Engineers  in  I^ltmiiuuTaad  Fbul  Estm 
of  SkVikiits  in  Engineering,  und  of  ContTACton  and  tihee  non-prtifes 
«oaai  Cympoters.     In  two  p»ris  with  nn  Apfjendtx.    Past  I,  A  Ftac- 
tiiai   Ttf<nti9e;  Part  II,  A  Thr            '  Treattse,  •od  the 
Cofttaiaiftg  Notes  to  the  Rule-                    ijitie  of  Fvt  L; 
lugfi^  ^  a..,  r  ..>  «f-tieTion  of  ^i.,».v-«,    i  ^aics*  aod  DL^«« 
l^eaiis*                       lent  Square  Hiaes aad  Eqamleat  Lrrel  ffe 
TW  «hv                 I'd  by  numerous  oiigiaal  ta^iinag5»  \ 
evpteiftalory  cuts  for  Dennitions  and  iSvbleakv  ^xsftaaattnc  ' 
ma  Duipiuns  and  a  scries  of  Ul^<}gnpl0C  Dtawmp  frem 
S^iowuw  All  the  Combinations  of  Solid  Fo 
E^C«mSon$  and  Embank menis.     Bf  }oas  ^MMXMM^  A.  M^  ] 
and  Mechanical  Engineer.    lUitsifated  bf  14  Ftiiiifc    A  ik 
and  kaiirpruved  ediiion.     Svo •■        . 

WATSON,— A  Manual  of  tbe  Httad-Letfaes 

CoinpMHUig  Concise    DirrcunRS  for  Wcvkiac  Mffili   af 

Ivojy,   F(one  and   Precious  W^podi;  Djii^  GiteliK  aa 

I'uli'ihiiigi  Inlaying  by  Ven«e«s«  aad  ivdavs  mtAmm  fs 

r*  '      T     vork  witk  DBBtfdk,md  m&hH  Can 

Author  el  ••7W  MMbi*  ftasiea  at 

i....^tneers."     niiiiPfrm.it  l^y|S< 

WATSON,— The  Modem  Ptactieceri 
fitiKineers : 

Including  the  ConstJQClioew_AffScaifti«^  «id  Csk  ai'  1 

1  <KiU.  Cutfen  for  Boring  C  " 

the  n»«>a  Economicat  Speed 

ActuAl  practice  at  the  Laifaie^  Aa  ^CIb^  aad  o*  :^e 
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with  Workshop  Management,  Economy  of  Manufacture,  the  Steam- 
Engine,  Boilers,  Gears,  Belling,  etc.,  etc.  By  Egbert  P.  Watson. 
Illustrated  by  eighty-six  engravings.    i2mo.       .         .  $2.50 

WATSON.— The  Theory  and  Practice  of  the  Art  of  Weaving 
by  Hand  and  Power  : 
With  Calculatv)ns  and  Tables  for  the  Use  of  those  connected  with  the 
Trade.  By  John  Watson,  Manufacturer  and  Practical  Machine- 
Maker.  Illustrated  by  large  Drawings  of  the  best  Power  Looms. 
8vo.  .        .         .        • ^7.50 

WATT.— The  Art  of  Soap  Making: 

A  Practical  Hand-book  of  the  Manufacture  of  Hard  and  Soft  Soaps, 
Tt»ilet  Soajis,  etc.,  including  many  New  Processes,  and  a  Clia|.tur  on 
the  Recovery  of  Glycerine  from  Waste  I^ys.  By  Alkxandkr 
Watt.    111.     i2mo 1^3.00 

WEATHERLY.— Treatise  on  the  Art  of  Boiling  Sugar,  Crys- 
tallizing, Lozenge-making,  Comfits,  Qum  Goods, 

And  other  processes  for  Confectionery,  etc.,  in  which  are  explaine<l, 
m  an  easy  and  familiar  manner,  the  various  Methods  of  Manufactur- 
ing every  Description  of  Raw  and  Rehned  Sugar  Goods,  as  sold  by 
Confectioners  and  others.     i2mo $1.50 

WEDDING.— Elements  of  the  Metallurgy  of  Iron. 

By  Dr.  Hermann  Wedding,  Royal  Privy  Counsellor  of  Mines,  Bcr- 
lin,  Prussia.  Translated  from  the  second  revised  and  rewritten  Ger- 
man edition.  By  William  T.  Brannt,  Graduate  of  the  Royal  Ag- 
ricultural College  at  Eldena,  Prussia.  Edited  by  William  H. 
Wahl,  Ph.  D.,  Secretary  of  the  Franklin  Institute,  Philadelphia. 
Illustrated  by  about  250  engravings.  8vo.,  about  500  pages  ( In  prep 
oration.)  .  •       . 

WEINHOLD.— Introduction  to  Experimental  Physics,  Theo- 
retical and  Practical. 
Including  directions  for  Constructing  Physical  Apparatus  and  for 
Making  Experiments.  By  Adolf  F.  Weinhold,  Professor  in  the 
Royal  Technical  School  at  Chemnitz.  Translated  and  editcil,  with 
the  author^s  sanction,  by  Benjamin  Loewv,  F.  R.  A.  S.,  with  a 
preface,  by  G.  C.  Foster,  F.  R.  S.  Illustrated  by  three  colorc<l  |)laies 
and  404  wood-cuts.     8vo.,  848  pages  ....         $0.oo 

WIGHTWICK.— Hmts  to  Young  Architects : 
Comprismg  Advice  to  those  who,  whde  yet  at  school,  arc  <lcstined 
to  the  Profession;  to  such  as,  having  passed  their  pupilngc,  arc  about 
to  travel ;  and  to  those  who,  having  completed  their  education,  arc 
about  to  practise.  Together  with  a  Model  Specification  involvitig  a 
great  variety  of  instructive  and  suggestive  matter.  Hy  Gkor«:;k 
W'GHTWICK,  Architect.  A  new  edition,  revised  and  considerably 
enlarged;  comprising  Treatises  on  the  Principles  of  C«)psliiiciion 
and  Design.  By  G.  HusKissoN  Guillaume,  Architect.  Nupktoui 
Illustrations.     One  vol.  i2mo ^z.OQ 

WILL.— Tables  of  Qualitative  Chemical  Analysis. 

With  an  Introductory  Chapter  on  the  Course  of  Analysis.  By  Pro- 
fessor  II EI n RICH  Will,  of  Gie«isen,  Germany.     Third   American, 
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intm  thr  eleventh  German  edition.     Edited  by  Charlfis   F.  Hikes 
I'h.  l).,  iVofeftMir  of  Natural  Sdence,  Dickinson  College,  Carlis^.  Pa. 

8vo.  51-50 

WILLIAMS.— On  Heat  and  Steam  : 

ICiiiliraMii^  New  Views  of  Vaporization,  Condensation,  and  Explo- 
kiofi.     Uy  C'liAKi.Ks  Wyk  Wii.mams,  A.  I.  C.  E.     Illustrated  8vo. 

$350 
WILSON.  -A  Treatise  on  Steam  Boilers: 

Tlirir  Siieiij^tli.Con.Htruciion,  and  Economical  Working.    By  Robert 

Wii.snN.     IIIiiMrated  i2mo $2.^0 

WILSON.  -Cotton  Carder's  Companion: 

In  wliiili  i»»  jjiven  a  dcncription  of  ihc  manner  of  Pickinj[j,  Baling, 
Maikciin^'.  ( )|)enin(;,  and  Carding  Cotton  ;  to  which  is  ad<lcd  a  list  of 
valuuhlc  rabies.  Rules,  and  Recei|)ts,  Lv  Foster  Wilson.     i2mo. 

^1.50 
tVILSON.  -  First  Principles  of  Political  Economy  : 

Willi  Krlirruie  to  St.ileNmanship  anil  the  Progress  of  Civilization. 
Ily  I'tnlcsstir  \V.  I).  Wilson,  of  the  Cornell  University.      A  new  and 

u\isfd  odititin.    I2nu» $1.$^ 

WOHLER.  -A  Hand  book  of  Mineral  Analysis. 

Itv  1'".  Wt^lllKR,  rrokssor  of  Chemistry  in  the  University  of  Gottin- 
gcn.  I- lilted  by  IIknky  H.  Nason,  Professor  of  Chemistry  in  the 
Ken«s;\|;iei     rohiei'hnic     Institute.    Troy.    New    York.       Illustrated 

Unui 53.00 

WORSSAM.     On  Mechanical  Saws: 

I'UMn  the  riAnsactions  ol  the  Society  of  Engineers,  1S69.  By  S.  \V. 
WoknSam.Jk.     Illustrated  by  eightet:n' large  piate>.    8vo.  .  52.50 
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